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(O 


Private Bus GraNT is driven between Primary and 
Dual processors to indicate that bus arbitration has 
completed, granting a new master access to the bus 


PBREO# 


IO 


Private Bus REQuest is driven between Primary and 
Dual processors to request a new master access to the 
bus. 


PCD 


o 


Page Cacne Disable is driven with address to 
Indicate a not cacheable transaction. 




o 


Parity CHecK is asserted [driven low) two bus clocks 
after data appears with odd oarrtv on enabled bytes 


PHfTt 


IO 


Private HIT is driven between Primary and Dual 
processors to Indicate that the current read or write 
transaction addresses a valid cache sub-block in the 
slave processor. 


PHfTM* 


IO 


Private HIT Modified is driven between Primary and 
Dual processors to indicate that the current read or 
write transaction addresses a modified cache sub-block 
In the slave processor. 


rJCCUC 


1 


Programmable Interrupt Controller CLocK is not 
implemented. 




IO 


Programmable Interrupt Controller Oata is not 

implemented. 




1 


Parity Enable. If active on the data cycle, allows a 
parity error to cause a bus error machine check. 


PMI..PMO 


o 


Performance Monitoring is an emulator siqml 


PRDY 


o 


Probe ReaOY is not impicmenteJ. 




o 


Page Write Through is driven with address to 

fndfCiltC a not wrifc Allnrato rrantsrHAM 




1 


Run/Stop is not Implemented. 


KtSfcT 


1 


RESET causes a processor reset 


SCYC 


o 


Split CYCIe Is asserted during bus lock to Indicate 
that more than two transactions arc In the series of 
bus transactions. 




1 


Sytttm Management Interrupt Is an emulator 
signal. 


"SMlACTs 
STPCLX* 


o 
1 


System Management Interrupt ACTIve is an 
emulator signal. 


TCK 


1 


SToP CLocK is an emulator siqn*l. 
Test CLocK follows ifpf i mq i 


TDI 
TOO 


1 

o 


Test Data Input follows IfcfcE 1 149.1 
Test Oata Output follows IEEE 1 149 I 


TMS 
TRST* 


1 
1 


Test Mode Select follows IEEE 1 149 1 
Test ReSeT follows IEEE 1 149.1 


VCC2 ] 

VCC3 

VCC2DETS 

VSS 

W/Rs 


1 
1 

o 
1 

o 


VCC of 2.8V at 25 pins 
VCC of 3.3V at 28 pins 

VCC2 OETcct sets appropriate VCC2 voltaqe irvrt 
v>5 supplied at 53 pins 

Write/Read is driven with arirfr«« r« i«H ifnTr VTjfr 



V.7 - 
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vs. read transaction. 


WB/WTI 


1 


Write Back/Write Through is returned to indicate 
that data is permittee to be cached as write back. 



Electrical Spe cifications 



'I'hctc preliminary t!rcmcaJ specifications provide AC and DC parameter! thai arc required 
for •Super &<ket T" compa ability. 



Clock rate 


66 MHz 


75 MHZ 


100 MHz 


133 MHz 




Parameter 


min 


max 


min 


max 


min 


max 


min 


max 


unit 


CLK frequency 


333 


66.7 


37.5 


75 


50 


100 




133 


MHz 


CLK period 


15.0 


30.0 


I3J 


263 


10.0 


20.0 






ns 


CLX high time fe2vj 


4.0 




4.0 




3.0 








ns 


CLK low time fSO-BV) 


4.0 




4.0 




3.0 








ns 


CLK rise time (0.8V->2V) 


0.15 


1.5 


0.15 


IS 


0.15 


1.5 






ns 


CLK fall time |2V->0 JV) 


0.15 


1.5 


0.15 


15 


0.15 


1.5 






ns 


CLK period stsbdrty 




250 




250 




250 
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A3 1. 3 valid delay 


11 


6.3 


II 


4.5 


1.1 


4.0 






ns 


A3 1. 3 float delay 




10.0 




7.0 




7.0 






OS 


ADS* valid delay 


IS 


6.0 


1.0 


4.5 


1.0 


4.0 






ns 


AOS* float delay 




10.0 




7.0 




7.0 






ns 


ADSC* valid delay 


1,9 


7.0 


1.0 


4.5 


1.0 


4.0 






ru 


ADSC* float delay 




10.0 




7.0 




7.0 






ns i 


AP valid delay 


1.0 


8.5 


1.0 


5.5 


1.0 


5.5 






ns 


AP float delay 




10.0 




7.0 




7.0 






ns 


APCMK* valid delay 


1.0 


8.3 


1.0 


4.5 


1.0 


4.5 






ns 


BE7..0* valid delay 


12 


7.0 


1.0 


4.5 


;.o 


4.0 






ns 


BE7-0* float delay 




10.0 




7.0 




7.0 






ns 


K2-9.Yi!M fl^fflY 


1.0 


10.0 














ns 


BREO valid delay 




8.0 


19 


4.S 


1.9 


4.0 






ns 


CACHE* valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


CACHE* float delay 




10.0 




7.0 




7.0 






ns 


O/C* valid delay 


IS 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


D/C* float delay 




10.0 




7.0 




7.0 






ns 


D63..0 write data valid delay 


1.3 


7.5 


1J 


4.5 


13 


4.5 






ru- 


D63..0 write data float delay 




10.0 




7.0 




7.0 






ns 


OP7..0 write data valid delay 


1.3 


7.5 


1J 


4.5 


1.3 


*.3 






ns 


DP7..0 write data float delay 








7.0 




7.0 






ns 


FERR* valid delay 


1.0 


8.3 


1.0 


4.5 


1.0 


4.5 






ns 


HfT* valid delay 


1.0 


6.8 


1.0 


4.5 


1.0 


4.0 






ns 


HUM* valid delay 


11 


6.0 


1.1 


4.5 


I.I 


4.0 






ns 


HLQA valid delay 


1.0 


6.8 


1.0 


4.5 


1.0 


4.0 






ns 


IERR* valid delav 


1.0 


8.3 














ns 


LOCK* valid delay 


11 


7.0 


I.I 


4.5 


I.I 


4.0 






ns 


LOCK* float delay 




10.0 




7.0 




7.0 






ns 


M/lOt valid delay 


1,9 


5.9 


1.0 


4.5 


1.0 


4.0 






ns 


WO* float delay 




10.0 




7.0 




7.0 






ns 


PCD valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


PCD float delay 




100 




7.0 




7.0 






ns 


PCHK* valid delay 


1 2 


AO 


1.0 


4.5 


1.0 


4.5 






ns 


PMUJjyatidddav 


1.0 


10.0 














ns 


PRDY valid delay 


10 


8.0 














ns 


PwT valid delay 


1.0 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


PWT float delay 




10.0 




7.0 




7.0 






ns 


SCYC valid delay 


IS 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


SCYC float delay 




10.0 




7.0 




7.0 






ns 


SMIACT* valid delay 


1.0 


7.3 


1.0 


4.5 


1.0 


4.0 






ns 


W/R* valid delay 


1,9 


7.0 


1.0 


4.5 


1.0 


4.0 






ns 


W/R* float delay 




10.0 




7.0 




7.0 






ns 
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A31 £ ictup time 


60 




J A 

1 o 




1 A 

3.0 








ns 


A3 1 i hold time 


1.0 




1 A 
1 U 




1 A 








ns j 


A20M* setup Ume 


5.0 




JO 




3.0 








ns | 


A?OM# hold time 


1.0 




1.0 




; o 








ns 


AHOLD setup time 


5.5 




w 

3 b 




3.5 








ns 


AHOLD hold time 


1.0 




To" 

1 0 




1 A 

1 .0 








ns 


AP setup time 




1 ./ 




1 7 








rn 


AP hold time 


• >j 




1 A 

1 0 




1.0 








ns 


BOFF* setyp time 


5.5 




3,5 




35 








ns 


BOFF# hold time 


1.0 




■ A 

1 .o 




■ /% 
IX) 








ns 


BRDYt setup time 


5.0 




1 A 

3 0 




3.0 








ns 


&RDY* hold bme 


1.0 




1.0 




IX) 








ns 


BKDYC* setup time 


S.O 




T7T" 

JO 




3X) 








ns 


BRDYCf hold time 


1.0 




1.0 




1.0 








ns 


BUSCHK* setuo time 


5.0 




3 0 




3.0 








ns 


BUSCHKE hqld bmr 


1.0 




i A 
1 0 




1.0 








ns j 


D63.0 read data setup bme 


2.8 




—— 

1.7 




1 7 








ns 


D63..0 rc;»d data hold time 


1.5 




1.5 




1.5 








ns 


Dr7 0 read data setup time 


2.8 




17 




1 7 








ns 


DPI 0 read data hold bme 


1.5 




15 




1.5 








ns 


EADS* setup bme 


5.0 




3 0 




3 0 








ns | 


EADS# hokJ ome 


10 




1 0 




1 0 








ns 


£\fcBE# setup time 


5.0 




17 




17 








ns 


£WB£# hold bme 


1.0 




10 




10 








ns i 


rLUSHtf setup bme 


5.0 




I 7 




17 








ns 


FLUSH* hold bme 


1.0 




t.O 




1 0 








ns 




2 








2 








cue 


HOLD setup bme 


50 




— — 

1.7 




1.7 








ns 


HOLD hold bme 


1.5 




1 5 




1.5 








ns 


IGNNE* setup bme 


5.0 




1.7 




1.7 








ns 1 


iGNMEt hold time 


10 




10 




10 








ns 


IGNNE* c<$\'OC Dulse width 


2 








2 








cue 


INfT setup bme 


5.0 




17 




17 








ns 


IMTT hold time 


1.0 




i A 

1 .u 




1 o 
1 XJ 








ns 


MLaivnc duIsc width 


2 








2 








cue 


INTTR setup bme 


5.0 




17 




17 








ns 


INTR hold bme 


1.0 




10 




10 








ns 


INV setup bme 


50 




n 




17 








ns 


INV hold bme 


1.0 




10 




10 








ns 


KENt setup bme 


50 




30 




30 








ns 


KEN* hold bme 


1.0 




10 




10 








ns 


NAf setup time 


4 a 




1 7 




17 








ns 


MV hold time 


1.0 




10 




10 








ns 


NMI setup bme 


50 




1 ) 




17 








ns 


NMI * \>d bme 


1.0 




1 0 




1 0 








ns 


NMI asvnc outse vvidth 


2 




2 




2 








CLK 
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4.8 


















ho<tf ttmt: 
fffr .ciun timr 


1.0 
5.0 




1.7 
1.0 




1.7 
1.0 








ns 
ns 


Bdf fidd time 


1.0 




1.7 
1.0 




1.7 
1.0 








ns 
ns 


B^ii_divm. ijuhc wKlth 


2 




2 




2 








cue 


SMM setup ]trr$ 


5.0 




1.7 




1.7 








ns 


SMl# ho<d ttmc 


1.0 




1.0 




1.0 








ns 


IIIHIPI 11 !, 1 ! 'III! I 1 " IJiW 


2 




2 




2 








CLK 


STPCUi }etup tMnr 


50 




1.7 




1.7 








ns 


STPCLKt hold lime 


1.0 




1.0 




1.0 








ns 


KvftAVTf tctup rime 


4.5 




1.7 




1.7 








ns 


|UtyWT* ho*d time 


1.0 




1.0 




1.0 








ns 










SSBfJg 


5.0 




1.7. 




1.7 








ns 




1.0 




1.0 




1.0 








ns 


rfsiT puke wAh 


15 




15 




IS 








CtK 


KtStT eKtW 


1.0 




1.0 




1.0 








ms 


BF7\i tctup art* 


1.0 




1.0 




1.0 








ms i 


BF2..0 ho.^1 time 


2 




2 




2 








cue 




1.0 




1.0 




1.0 








ns 


BSH3M? 


2 




2 




2 












2 




2 




2 










iM/shi setup wmc 


5.0 




1.7 




1.7 








ns 


FLUSH* fold time 


1.0 




1.0 




1.0 








m 


FLUSH* letup time 


2 




2 




2 








CLK 


FLUSH* fold nmc 


2 




2 




2 








CLK 



VM 
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PBREO* fliaht time 
EBGNT* fliaht time 
PH(T# fliaty jjme, 


0 
0 
0 


2.0 
2.0 
2.0 














ns 
ns 
ns 


fttfTM* fliaht time 
A31..S setup time 
A3 1„5 hold time 


0 

3.7 

l/.O 

4.0 


1.8 














ns 
ns 
ns 
ns 


P/C* hold time 
W/P* setup lime 
W/P» hold time 
CACHE* setuo time 
CACHED how bme 
LOCK* setuo time 
LQCWhoW bme 
SCrC setup time 

V*Vf holrf rim* 

ADS* jetuo time 
ADS* how time 


0.8 
4.0 
0.8 
4.0 
1.0 
4.0 
0.8 
4.0 

0.8 
















ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


M/IO# setuo tonv» 

M/K3# ho4d (imp 

HTT# setuo bme 

HfT# h(fkf [tntf 1 

HUM* sctLjg jjjfltt 

HfTMf fT^^I {jm^ 

HLDA hold timq 
BPEN* valid orr^ 
DPf N* h^d brr^ 


c fit 
n a 

1.0 
6.0 
0.7 
6.0 
0.8 

2.0 


10.0 














ns 
ns 

ns j 
ns 

ns 
ns 
ns 
ns 
CLK 

cue 


D/P# valid dctev '7rjp^|rY| 
TCK frequency 


1.0 


8.0 
25 






1 


25 j 






m 

MHz 


TCK period 


40.0 








40.0 








ns 


TCK hiqh time fe2vl 


14.0 








14.0 








ns 


TCK low time |£0.8V) 


14.0 








14.0 








ns 


TCK rise time f0.8V->2VJ 




5.0 








5.0 






ns 


TCK faH time 12V->0£V\ 1 
TRST# pulse width 


30.0 


5.0 






4MI 


5.0 






ns 

ns 1 
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TO setup time 


5.0 








50 








ns 


TO hold time 


9.0 








9.0 








ns 


TMS setup time 


5.0 








5.0 








ns 


TMS hold time 


9.0 








9.0 








ns 


TOO vaWd delay 


3.0 


13.0 






3.0 


13.0 






ns 


TOO float delay 












16 0 






ns 


«it outputs vaNd delay 


3.0 iryg 






3.0 


13.0 






ns 


aN outputs float delay 




im 








16.0 






ns 


all inputs setup time 


5.0 








5.0 








ns 


all inputs hold time 


9.0 








9.0 








ns 



Bus Control Register 

*n* But Gmtml Remitter provide a direct control of Emulator tt^na)», nrlcrnng iturput Mate* 
and acme input atatrt ft* thcae aignala. 

THc layout uf the But Gmtrol Rcpatcr it designed to match the anti^nmcm uf ugnalt tit the 
Event Reenter 
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number 


control 


0 


Reserved 


1 


A20M* active level 


2 


BFO actKt? level 


3 


BFI active level 


4 


BF2 active level 


5 


BUSCHK active level 


6 


FLUSH* active level 


7 


FRCMC* active level 


6 


KSNNE* active level 


9 


iNfT active level 


10 


IMTR active level 


II 


NMt active level 


12 


SMI* active level 


13 


STPOK* active level 


14 


CPUTYP active at reset 


IS 


OPEN* active at reset 


16 


FLUSH* active at reset 


17 


INfT active at reset ~1 


31. 18 


Reserved 


32 


Bus lock 


33 


Spirt cycle 


34 


BPO output 


35 


BPI output | 


36 


BP2 output 


37 


BP3 output 


38 


FERR* output 


39 


IERR* output | 


40 


PMO output 


41 


PMI output 


42 


SMIACT* output 


63.43 


Reserved 



Emulator signals 

Several of the ii^nals. A2fKM#. INIT. NMI. *MI* 4 yiTCIX«. IGXNE* arc inputs that 
have purposes pnmanly defined by the need* of processor emulation. They ha>ve no 
direct purpose in the Zeus pmccssor, inhet than to signal an event, mhich is handled by 
software Kach of these signals is an input tampJrd on the nting cd^e of each bus clock if 
ihe input signal matches the active lot; tpreifWd in the but control register, the 
corresponding Kit in the event register u sri IV Ihi in the event register remains set ncn 
it the signal i% no longer active, until cle ared In software If the event register bit is cleared 
In software, ii is set ag.nn on each bua clock th«i i)* signal it sampled active. 
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A20M* 

A20M# (Mkbrti bit 20 mask inverted), when asserted (hw), dirccri an *H6 rmulirtir to 
generate phy*M-al addrcisc* for which hit 20 i» arcnv 

The A20M* h t of the bus control rcgiatcr nclccts which level of the sumal will 

generate an event in the AJOMft bit of the event register. Clearing (to 0) the A20M** bit of 
the bus control register will cause the A20M* bit of the event register to Ik set when the 
A20M8 signal i* asscrteJ flow). 

Amrttng the A20M* signal causes the emulator n> modify aD current TB mappings to 
produce a mo vsJuc n* hn 20 of the byte address. The A20.M* bit of the bus connol 
register ts then act (tu 1) to cause the A20M* ht of the event register to Ik set when the 
A20M* signal is re Jessed (high). 

Releasing the .V20M* ugna) causes the emulator to restore the TB mapping to the ongina) 
state. The A20M* bit of the bus control register is then cleared (to 0) again, to cause the 
A2DM* bit of the event register to be act when the \2H\W signal ts asserted (low). 

INfT 

IN IT (initialise) when asserted (high), directs an *86 emulator to iKgin execution of the 
external ROM BIOS 

The INIT bit of the bus control register it normally act (to I) to cause the INIT hit of the 
event register to bt set when the INIT signal is asserted (high). 

INfTR 

INTR (maskable interrupt) when asserted (high), directs an aHn emulator to simulate a 
maskable interrupt bv generating two locked interrupt scknowiege special cycles. Ksrcmal 
haidwarc will rvirmaD) release the INTR signal between the first and k-cikhI interrupt 
scknowiege special cycle. 

The INTR bit of the bua control rcgiatcr is normally set (to 1) to caute the INTR hit of 
the event register to Ik set when the INTR tignal »* averted (high). 

NMI 

NMI (non*mssksble interrupt) when ssaerted (high), direct* an sHr> emulator to simulate a 
non matkable interrupt Internal hardware will normally rcleaae the NMI signal. 

The NMI bit of the bus control register it normally set (to I) to cause the NMI bit of the 
event register to Ik set when the NMI signal is a%M-rtcd (high) 
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SMIf 

SM/* (system management interrupt inverted) when asserted (low), directs an x86 
emulator tii Simula tr a system management interrupt by flushing caches and saving registers, 
and asserting flow) SMIACT* ( s y st em management interrupt active inverted). Eitcrnal 
hardware will tv»muD) release the SMI*. 

The SMI* hit of the bus control register is norrnaDy cleared (to 0) to cause the SMI* bit 
»f the event register to be set mhen the SMI# signal is asserted (low). 

STPCLK* 

STPCUC* (stop dock in ve r t e d) when asserted (low), directs an x86 emulator to simulate a 
stop chick interrupt by flushing caches and saving registers, and performing a atop grant 

special cycle. 

The SXPCLK* bt of the bus control register is normaOy cleared (to fl) to cause the 
STPCUC* bit of the event register to be set when the STPCLK* signal is asserted (low). 

Software must set (to 1) the STPCUC* bit of the boa control register to cause the 
STPCUC* bit of the event register to be set when the STPCUC* signal is releasui (High) 
to resume cvccutt«cv Software mus« erase producing bus operations after the stop grant 
specuJ cycle I %ualh\ software svil ^ie the B.I I ALT instrucoon in aH threads to cease 
pcrf« *rrang « ferarn ti» The proccsv.* PU. continues to operate, and the processor must sc n 
sample INIT. INTO. RESET, NM1, SMI* (to place them in the event register) and respond 
to RF5ET and inquire snd snoop transactions, so long as the bus clock continues 
i iperanng « 

IV bus dock itself canmn be snipped until the stop grant special cycle. If the bus clock is 
stopped, it must stop -n the Wiw (0) stare. The bus dock must be operating at frequency for 
at Ic*m 1 mi he n*c releasing STPCUC* or releasing RESET VClwle the b»is clock is 
stopficd, the pnirrssor docs not sample inputs or responds to RESET or inquire or sroop 
rransacnons 

External hardware wiO normaJh release STPCUC* when it o desired to resume r *ccuboa 
The proce*** should respond to the STPCLKtf bit in the event register by • * Acning one 
i* more threads. 

IGNNE* 

IGNNE* (address bit 20 mask inverted), when asserted (U v), directs an *86 emuljior to 
ignore numeric errors. 

The IGNNE* lut of the bus control register selects which level of the IGNNE* signal 
will generate an event in the IGNNE* bit of the event register. Clearing (to (1) the 
IGNNE* hit of the bus control register wiD cause the IGNNE* bit of the event 
register to he set when the IGNNE* signal is asserted (low). 
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Aiscran^; the IGNNEfl causes the emulator to modify its processing m ignore 

numeric em its, if suitably enabled to do so. "Hie ICNNE# hit of the bu> control register is 
then set fto 1) to cause the IGNNEtf hit of the even: cepsicr to be set when the I5NNF# 
signal is released (Vu^h). 

Releasing the IGNNE# signal causes the emulator to restore the emulation to rhe original 
state. The IGNNEft bit of the bos control register is then cleared (to 0) again, t.i cause the 
IGNNE* bit of the event tegistet to be set when the IGNNE* signal is asserted (low). 

So eral of rhe signals. BP1.BW. IT.RR#, 1BRR#, PM1..PM0. SM1.\CT» art outputs that 
have purposes pomanty denned by the needs ot x86 processor emulanon T"'icy ar* dm*en 
men the bus control register that can be written b> software. 

Bus snooping 

Zeus support the "Socket protocols ft* inquiry, invalidation ind coherence of cache hnes 
The protocols an Tiplemented in hardware and do not interrupt the processor as a result of 
bus activity. Cache access cycles may be "stolen" f»* this purpose, which may delay 
compJcnon ot processor mcrnon activity. 

def SnoopPry*x*8us *\ 

//wm lor transaction on but cr mquwy cyele 
do 

wnne BROYi - 0 
P»Ji I +- Aji j 
Op W/U* 7 W * 
cc CACHE a 1 1 *WT 1 1 PCD 
enddcf 

Locked cycles 

Kicked eyries occur as a result ntnhroni/atHin operations (Strne swap instruction*) 
performed by the processor h»r *H6 emulation, lucked cycles also occur as a result of 
setting specific men* try mapped contnd registers. 

Locked svnchroniMtion instruction 

Bus lock (lJf>CKtf ) rs asserted flow) autom-ncallv a* a re«uh of sh»re swap instructions that 
generate bus activity, which always perform locket I read modify wnte rules on M Ints of 
data V**e mat store swap instruct* ms that are performed on cache sub Mock* that are in 
the F «ir M state need not generate bus acnviry 
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L<xKeti sequences of frw; transactions 

Bus lock (IXXIK#) is alto asserted (low) subsequent bus transactions by wnong s <*ie 
(I) ni the bus lock bit of the bus control register. Split cycle (SCYQ is similarly assencd 
(high) if a one (1) is also written to the split cycle bit of the bus emulabon control register. 

Ait subsequent bus trsnsscbons will be performed as s locked sequence of transactions, 
asserting bus lock (IjCXIK* krw) and optionally split cycle (SCYC high), until *citvs (0) 
are wntten to the bus lock and spot cycle bits of the bus control re gis ter. The next bus 
transaction completes the locked sequence, releasing boa lock (IjOCK* high) and apUt 
cycle (SCYC low) at the end of the transaction. If the kicked transaction must be aborted 
because of bus activity such as backoff, a lock broken event is signalled and the bus kick is 
released. 

In Jen special care is taken, the bus transacbuns of aO threads occur as pan of the locked 
sequence of transacoons Software can do so by inte rr u pti ng all other threads until the 
kicked sequence is completed. Software should also take case to avosd r e t ching instructions 
dunng the kicked sequence, such as by executing mstrucbons out of niche or ROM memory. 
Software ihuuld also take care to avosd srrmtnanng the sequence with event handling prior 
to releasing the bus kick, such as by executing the sequence with events disabled (other than 
the lock broken event). 

The purpose of this fmczhty ar prinuuihr for x$4 muimdon purpose*, in winch we #nr 
witting to perform Hie men (Much mm stopping off the other thremdr) m the nmme of 
compsabiiiry. It is possible to tnke spedsJ cavr in hmrdmrmre to tort out to* scarify of 
other thrtsds, tod bremk the lock in response to event*. In doing *e\ the but unit 
must defer bus MCtrrtfy generated by other threodt until the locked sequence if 
completed. The bug tm/t should inhibit event bundling while die bum at locked. 

Sampled at Reset 

Certain pint arc sampled at reset snd mKir available in the event rcgiitct. 

CPl TNY Primary or l>ual pmccvor 

IM( I>l|l)PKN#| Dual processing enalile 

Mi SI I* Instate test nn«dc 

INIT Built in self test 

Sampled per Clock 

Certain pins are sampled per ckick and changes are ma*w available in the event register. 
A2UM* address bit 2<> mask 
HI |1 O) Us frequency 
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But Access 

BUSCIIK* bus check 
FIX'S! I# cache flush request 

FRCMC^functkmal redundancy check - not implemented on Pentium MMX 

KJNNE#ifcnoce numeric error 

IN IT tr-vutuhxc penbum processor ^ 

INTR enema! vttctTupt 

NMltion* m askab l e ttHenrupt 

R/S* tun/stop 

SXIMf system m a n aigcmcnt 

STPCLK* Mop dock 

Bus Access 

The "Socket 7" but performs transfers of 1-8 bytes within an octkt boundary or M bytes on 
• unlit boundary 

Transfers sited at 16 bytes (hcxlct) ate not available as a single ttansacotm. they ate 
performed as two bus tranaactkina. 

Bus transactions bepn by gamin* contsul of the bus (1X)D€> not shtnvn), and m the mma) 
cycle, asacm* ADS#. M/IO*. A, BE#. CAC1 IE#. PVT. and PCD. These ugmh 

indicate the type, sue, and address of tne traniacmm. One or more octlets of data an? 
returned on a read (the external system asserts BRDYft and/or NA4 and T>) % or accepted 
on a smac (TODO not shown). 

The external system is permitted to affect the exchrabifety and exclusivity of data returned to 
the proccsaor, *sm* the KEN* and VTB/UT* wpuh 

dtf dJtajrcn a- fiectaftyiK*Busto*j^ccjDW*q as 

// dMde transfer! smf between ortfct and hesfet mao two nam 
// Mo drvade transfers vrfacn cms octtet boundary w*o two pans 
* fMcatfeStjai or farc<64| and ptfe»**paj 0>*** «nen 

dataOjten AmssPhysKaa9u^pa.M^p* ? a tcojxwoj 

0 cen*0 then 

pal «- pa*j 4MIM0 3 

dataUcn *t*tsP*rwj*u5fr*)*rr+9*p*2 0 ^txcop.w^ 
data data I tir M « I o 

ends* 
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ADS# «- 0 
tytOt *- I 
Ail j •- B*3l_) 
tori*- Oto 7 



- fop - WJ 
CACHE* *- *fcc » WIJ 

rm fee ■ wi) 

fCO«- |ec (CD) 
do 



«f* man • i| and f*M • ij 

if*** wm <Mll\ Mf WtWtfMT KEN* tfwuto cw 
//AMD wte KEN* tfwutd bt ignored t no 
ctn «- -REN* and fee a Wi) //ecn-l * KM B 
aen •- «f«N and fee » wi) //Mn-l * Mtfet * 

do 




****** UraUflTe* OujO 



t 

On o 



CACHE* - *(Hff • JS4f 
W +~ frc • WT) 
PCO«-|tr f CO| 



wMt iMOrt • i| ma • ij 
«n «- W%WTt *nd fee * WT) 
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Other bus cycles 



Input / Output transfers. Interrupt acknowledge, ami special bus cycle* (stop ^nt 4 flush 
acknowledge, writeback, halt, flush, shutdown) are performed by uncached Vka\\ and stores 
to a mcnv>rv mapped contn>l region. 



MO* 


D/Ct 


W/R0 


CACHE* 


KEN* 


tycic 


0 


0 


0 


1 


X 


interrupt acknowledge 


0 


0 


1 


1 


X 


special cycles (intci pg 6-331 


0 


1 


0 


1 


X 


I/O read. 32-btts or less, non- 












cacheable. 16-bit address 


0 


1 


1 


1 


X 


VO write. 32-bta or less. 












non-cacbeabte, 16-bit address 


1 


0 


X 


X 


X 


code read (not Implemented) 


1 


1 


0 


1 J 


X 


noncacheable read 


1 


1 


0 


X 


1 


non-cacheable read 


1 


1 


0 


0 


0 


cacheable read 


1 


1 


1 


1 


X 


non-cacheable write 


1 


1 


1 


0 


X 


cache writeback j 



An interrupt acknowlcgc cycle is performed by two byte loads to the r«>ntnt) space (dc=l), 
the first with a byte address (ba) of 4 (A3l..3=0, BF.4#-o BF.7..5 t 3..0#=l) % the second with 
a byte address (ba) of 0 (A3 1.. 3=0, BEOtf =0, BR7..I* TS* f— t bv\ read is ignored; the 
second byte contains the interrupt vector. 'Hie external system normally releases INTR 
iKtwcen the first and second byte load. 

A shutdown special cvdc is pcrfon.#cd by a byte store to the control space <dc=l) with a 
byte address (ba) of 0 (A3... 3=0. BF/>#=0, BF.7..1 8 = 1). 

A flush special cycle is performed by a byte store to the control space (dc=l) with a byte 
address <ba) of I (A3t ..3=0, BF.l #=0, BF.7..2.0* = 1). 

A hah special cycle is performed by a byte store to the control space (dc=l) with a byte 
address (ba) of 2 (A 3 1 ..3=0, BR2*=0, BF.7...U.0* = 1). 

A stop grant special cycle is performed by a .>ytc store to the control space (dc=t) with a 
byte address (ba) of 0x12 (A3I..3=2, BK2#=0. BF.7..3,1..0# = |). 

A writeback special cycle is performed by a byte store to the control space (dc=l) with a 
byte ai«drcss (ba) of 3 (AM..3=0, Bf;3#=0, BF.7..4 < 2..n*s|). 

A flush acknowlcdgv special cycle is performed by a byte store to the control space (dc=l) 
with a byte address (ba) of 4 (A.M. BK4#=0, BF.7..5,V.O#= I). 
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A liitk trace mcu*j»r special cycle is performed by a byte stinx to the cootrol space (<fc=l) 
with * Inte addre*% (ba) .if 5 (A3I .3=0, BES* =0. BR7..6,4..0#=1). 

Performing load iir store opcranons of other sixes (doublet, quadJct, ocdet, hcxJet) to the 
control %p4cr (dc-l) t* operations with other byre address (ba) values pniducc bus 
operant ms which art not defined by the **Supcr Socket 7" specifications and have undefined 
effect <m the system. 

I/O tycle? 

An input cycle is performed by a byte, doublet, or quadlet load to the rfata space (dc=0), 
with a byte address (ha) of the I/O address. The address may not be aligned, and if it 
crosses an octlci boundary, will be performed as two separate cycles. 

An output cycle is performed by a byte, doublet, or quadkt store to the data space (dc=Q), 
with a byte address (ba) of the I/O address. The address may not be aligned, and if it 
en »*%c% an oetlct boundary, will be performed as two separate cycles. 

Performing load or store operation* of other sizes (octlet, hcxlct) to the data space (dc=0) 
pniiluce bus operanons which are thh defined by the "Super Socket 7 M specifications and 
have undefined effect im the system. 

'11k other Ihj* cycles are accessed explicitly by uncached memory' accesses to particular 
physical atldrcM ranges. Appropnatcly sized load and sto : opcrarions must be used to 
perform the specific bu* cycles required for proper operations. The dc field must equal 0 f<#r 
I/O operations, and must equal 1 for control operations. Within this address range, bus 
transaction* are sued no greater than 4 bytes (quad let) and do not cross quadlct boundaries. 

The physical address of a other bus cycle data/control dc, byte address ba is: 

63 2423 1615 0 

| FFFF FFFF 0B00 0000 63 ,m | dc | ba | 

40 8 16 

Definition 

def data /tfcetsPf*ysKX5tfw8u^p^we.op.wcJI as 

// divide transfers wed between ocrjet and ncxlet nto two parts 
// also divide transfers which cross ocdet boundary into two parts 
<64<si/erl28| or (|we<64) and |»zc^8*pa 2 o>64|| then 

dataO AccessPhysKaOther6us|pa.64-a*pa2 xyop.wd) 

pal pa 6 j 4 1 If 1 I0 3 

data I *- AccessPhysKaOthcrBuslpa I .size^8*pa2 o-64.op.wd) 
data*- data 1 1 7; M II data0 6 j 0 

f4$e 

ADV t- 0 
KV?Oa — 0 
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tVCt -P*I6 

A 31 | 0' 6 II f»1S J 

lOf I 0 10 1 

BL0 paj o * • < J»7 0 , M^> 
tndfor 

- (op - W| 
CACHCf «- I 
POTT I 
PCD I 
do 

WJMt 

wMe pR0Y» • l| and (NAf - t| 
# )0f N^ | then 

endf 

end/ 
cnoocf 



• MS- 



MicruUnity 



/rut System Architecture Tuc, Aug 17, 1999 Rvmti and Threads 

CHIni but crests 

Events and Threads 

Rxcqmitn* signal *otnl kinds of events: (ij events that are indicative of failure of the 
software oc hardware, such as arithmetic overflow or parity emir. (2) events that are hidden 
fnim the virtual process model, such as translation buffer misses, (3) events that infrequently 
occur, but may require corrective action, such as floating-point underflow. In addition, there 
are (4) external events that cause scheduling of a computational process, such as clock events 
or completion of a disk transfer. 

Each of these types of events require the tnterruption of the current flow of execution, 
handling of the exception or event, and in some cases, deschedufing of the current task and 
rescheduling of another. The Zeus processor provides a mechanism that is baaed on the 
multi threaded execution model of Mack Mach divides the well-known UNIX process 
model into two parts, one exiled a task, which encompasses the virtual memory apace. We 
and resource state, and the other called a thread, which includes the program counter, stack 
space, and other register file state. The sum of a Mach task and a Mach thread exactly equals 
one UNIX process, and the Mach model aDows a task to be associated with several threads. 
(>n one processor at any one moment in time, at least one task with one thread is running. 

In the taxonomy of events described above, the cause of the event may cither be 
synchrorwius to the currently running thread, generally types 1, 2, and 3, or asynchronous 
and associated with another task and thread that is not currently running, generally type 4. 

For these events, Zeus will suspend the currently running thread in the current task, saving a 
minimum of registers, and continue execution at a new program counter. The event handler 
may perform some mamma) computation and return, restoring the current threads* registers, 
or save the remaining registers and switch to a new task or thread context 

l-'actbhc* of the exception, memory management, and interface systems are themselves 
memory mapped, in order to provide d* the manipulation of these facilities by high-level 
language, compiled code. The sole exception is the register file itself, for which standard 
store and kiad instructions can save and restore the state. 

Definition 

4cf Threadfrn) m 
forever 

cMch exception 

4 ffCvencfteotster and EventMasx|th|) * 0) then 
at CxceprjoaSiate«0 then 
raise Eveodnterrupt 

end* 

end* 

mst lo*4McmoryX|ProgramCou 

tnstruction(insf) 
endcacch 
case exception of 

EverirJrtferrupt, 

Reservedinstrucooa 

>^ces^uHk>sve<J8yVirtualMdreu. 

AccessOisaaowedByTag. 
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Ortm but Cfckt 

Actt w D iM io w gtfByClobafTBl 
Arttt »0 * M *o w ed 8 y to eafTa 
ActttsOftaaHequrtdByTag. 
^ftsOHJNlRcqu^ByGlobarra 
Act t^iOriMl^equif cdByLocafTa 

MmlntocafTBL 
PtaadFomtAnthmctftc 
r Bw iy uw w^ninfncoc. 
OatewayOtsaftowed. 

case E*ciptionState of 
0: 

PerformExcepbonJexcept»on| 

I: 

Pfffoi fnExcepdon|Second£xcep0on| 

2: 

raor rmrocxccpoon 

eodcase 
Tafcenfir hi 

CorttnuaoonState «- (ExceptionSiate-Of 7 0 : CononuationState 
i Mil lorai hi iwononuc: 

/• noWnj •/ 
•^ones, others 

^OQfaniCounief ProQrarnCounter ♦ 4 

CooonuaoonStatc «- f£xceptionState»0| 7 0 : ConbnuattonStatc 

fndca» 
cndlorcwf 
enoocr 



Dcflnftten 

**ct f ciiunruttijuuf iff vecpuoni as 

v tc a ctpoo n > 7) 7 7 : exception 

I *- loadMemoryfCjtceptwnBase^xceobonto 

* EaceptonStatt • 0 then 

u»- *tg*tad().l28| II RegRead(£128| 1 1 ftrgSeadf I.I28| II Regftead|O.I28| 

<t0 ffMinwr y t€KepbooBase.Excep00f>Baset Thread* 128,51 2.Lu| 

A*flWr*tf),64,Pro^*mCounter 6 j j 1 1 PnvWcgelevef 

te^Mrte) I £4,£«cepCK>nBase*Thre*d* 1 28| 

**0SVnte0,64.e*cepe>or^ 

fle^a^fltf J.64,Fa*angAddreH| 

eoda* 

n^MeyetevH 1 1 o 
ProgramCounttr ^3 7 1 1 0* 
caie t a ttp o on of 

Acft ttD etaiWe qyr edByTag. 

AcceuOttMWepurtdByGlobarra 

AcmsOetatfAequredByLocafTft 

ConcmuaoonState #- Conftnua&onStatc ♦ 1 
othet 1 

f nothing •/ 

endcatt 

tmtpbortUmw *- f jtcepoonState ♦ I 
enddcf 
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(ExccptfonState * 0( then 



ConttnuattonState «- CenttnuattonState • I 



feftttQQ 

C +- RegReadfc 64} 
if frd it q orfrc * q or frb * q then 
r ftescrvedir oir jetton 

ends' 

a «- LoadMemyyfCxccpdooajs^ 
if PrMtegeLcvH > ci j> then 
PrfcitegeLevct #- C|jq 

endtf 

Pro ya mCountcr 4- c^j^ II 0* 
EacepOonSUte «- 0 

ratse TjkenBrjnchConCinue 



■Oil 



The MVrwing d»ta is stored into 
St I 384383 



I RFI3I I KFf2i 



128 



128 



at the Exception Storage Address 
2S62SS 128127 0 

I *Ffl| | jjggj | 



128 



128 



Sll 








1 


RFI31 


1 






128 






383 








1 


RFJ2] 


1 






128 






2SS 




. , Y »28 




1 


RFfll 


1 






128 






127 




0 




1 


HFfOI 


1 





The flowing data is loaded from memory at the Exception Vector Address 

386* 



MktoUcihy 



Zeus Syttetn Architecture 



Tuff, Ai« 17, 1999 



Events arid Threads 
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63 0 



64 



21 0 



PC 



62 

The fallowing dan replaces the fK^ntl citntenn nf RF|3..0J: 

HI M4383 156255 12812? 5463 



no 



FA 

128 



4J8J 256255 128127 6463 0 

I •«c«ptlo n I EPF i ggg |!^77^n 

lii 128 64 64 



511 



384 



FA 



64 



64 



] 



383 



1201 14 280383 256261 260259 256 



64 



0 I as I at i cod<n 
40 8 8 8 



255 



64 



128 



EOF 



64 



12? 



6461 



21 0 



64 



JE5_ 



62 



ae access type: Oer, J = Wf 2=x. 3«k 
as: access size in b>tcs 

TC)D(): add size, access type to exception dau b pscudoctidc. 

Ephemeral Program State 

Ephemeral Program Sure (EPS) is defined as program state which affects the operation of 
certain instructions, but which does not need to Ik saved and restored as pan of user state. 

Because these bits are not saved and restored, the sixes and values described here are not 
visible to software. The sixes and values deaeribed here were chosen to be convenient for the 
definitions m this documcntaticm. Any mapping of these values which does not alter the 
functKms deaeribed may be used in a umUmpkng implementation. For example, either of the 
EPS stares may be implemented as a thermi»meter coded vector, or the GmtinuationSiate 
field may be represented with specific values for each AcccssDctailRcquircd exception which 
an initrucnon execution may encounter. 
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Thm sre eight bits of EPS: 

"55 Name Meaning : ' 

I..0 ExcepttonState <k Normal processing. Asynchronous events and 

Synchronous exceptions enabled. 

I; Event/Exception handing: Synchronous 

exceptions cause SecondExcepdoa Asynchronous 

events are masked. 

2; Second exc e ption handling: Synchronous 
exceptions cause a machine check. Asynchronous 
events are masked. 
3: Mega! state 

This ffdd is i ncremented by handRng an event or 
exception, and cleared by the Branch Back 
Instruction. 

7. 2 ContlnuaOonState Continuation state for AccessOetaffiequired 

exceptions. A value of zero enables al e xce ptio ns 
of this Mnd The value is increased by one for 
each AccessOetaHBequired exc e ption handled, for 
which that many AccessOetalRequired ex c ep ti o ns 
are continued past (ignored) on re-execution in 
normal pro c e ssi ng (e*»0). Any other kind of 
exception* or the completion of an instruction 
under normal proc essi ng causes the continuation 
state to be reset to zero. State does not need to 

be saved on context switch. 



The Gmrinustii inSutc bits art ephemeral because if they are cleared as a result of a context 
twitch, the associated exceptions can happen over again. The AccessDcutl ca ption 
handlers will then set the bits again, as they were before the context switch. In the ca*c 
where an AcccssDctat) exception handler must indicate an error, care must be taken to 
perform some instruction at the target of the Branch Back instruction by the cxccpHon 
handler is exited that will operate properly with (>>ntmuabonStatc#0» 

The F.xcepoonStttc bits are ephemeral because they arc explicitly set by event handling and 
cleared by the termination of event handling, including event handling that results in a 
context twitch. 



Event Register 

F.vents are single-bit messages used to ammunicatc the occurrence of events between 
threads and interface devices. 

63 

I event 

64 



0 
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The Event Rentier apfrar* at several locations m mcmur)', with slightly different aide 
crtccts on trad and write operation*. 



offset 


side eftVcf on read 


drift mftt^f #>n \Mjritm 


0 


none; return event register 
contents 


normal: write data into event 
register 


256 


stall thread until contents of 


staH thread until bitwise and of 


return evcnt-rexjbtef contents 


Is noevzero 


512 


return zero value (so read* 
modHy-vvrfte for bytc/doubteV 
quadtet store works} 


one bits In data set (to one) 
corresponding event register bits 


768 


return zero value (so read- 
modify-write for bytc/doubteV 
quadlet store works] 


one bits in data clear (to zero) 
corresponding event register bits 



Pftysfai addcea 

The Event Register appears at three different locations, (be which three (unctions of the 
Event Register are performed as described above. The physical address of an Event Register 
for function t byte b is: 

*423 10987 32 0 

1 FFFF FFFF OFOO 0000 6X ^ 4 | Q |f | Q Jb| 

40 M 2 5 3 

Peffrrttton 

def data «- AecejsPhy*a€v*nt*eo*tr^^ as 

* +- F»?-a 

* fc»23-io - 0| and Jpa 7 .4 - 0| and |f » I) then 

case r 1 1 op of 
0 II ft: 

data 0 64 1 1 Evttttftcotstcr 
2 II R, 3 II ft: 

data +- 0 
0 1 1 W: 

Eventftegfetcr t- wdata^^^ 

2 II Wi 

Eventftegtstcr «- Eventftcgtster or wdata*j 0 

3 1 1 W: 

EventRcgistcr Eventftegister and •wdata 6 j 0 

endcase 

else 

data *- 0 

eodjf 
enddef 
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Events: 

The table below shows the event* and their corresponding event number. The priority of 
these events is soft, in that dispatching from the event register is controlled by software. 

TC)DO notwithstanding the above, using the EJjOGMOST.U instruction is handy for 
prioribxing these events, so if you've got a preference as to numbering, speak up! 



number 


event 


0 


Clock 


I 


A20M* active 


2 


BFO active 


3 


Bfl active 


4 


6F2 active 


S 


BUSCHK* active 


6 


FLUSH* active 


7 


FRCMC* active 


8 


K5NNE* active ~ ~ | 


9 


INIT active 


10 


INTR active 1 


II 


NMI active 


12 


SMI* active 


13 


STPCLK* active 


14 


CPUTYP active at reset (Primary vs Dual processor} 


15 


OPEN* active at reset (Dual processing enable - driven low 
by dual processor] 


16 


FLUSH* active at reset (trtstate test mode) 


17 


INIT active at reset 


18 


Bus loetc broken f 


19 


BRYRC* active at reset (drive strength) 


20 





Event Mask 

The Event Mask (imc per thread) control whether each of the events described above is 
permitted to cause an excepbon in the corresponding thread. 

Physical address 

There are as many Event Masks as threads. The physical address of an Event Mask fur 
thread th, byte b is: 
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61 



242* 1918 



32 0 



| FFFF FFFF 0E00 000Q 



61.14 




0 I b 1 



■6 J 



* flh < T) and (pa, A 4 . q then 
case op of 
ft 



dJU #- 0** 1 1 Ev«n0UUsft|tn| 



■ r» r-t rt »f 

cnoocv 
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•J1MI 



1 



,>K rmWc I** 1 * * l " r » «** eicepboru. the omcfpcmdinK exception number, and the 
parameter mppftfttd by the caccpoun handler in remitter 3. 



tassm 


1 Mf fffiHon 




0 


Ey^fnontcfTupt 




1 




global address 


2 


n^(^w^e?UNKex|uvrcc^f 1 «*j 


global address 


3 


nttcra^EaiiKccyjRTatJVUfooan b 


global address 


4 






5 






6 






7 


1 flnmcutf»i tW till ■ &+t**0* 


instruction 


8 


Lr&oaa^>^pvycooyvriua^ooress 


local address 


9 




global address 


10 




global address 


II 
12 


1 ffieisOrsalcMredByLocaiTB 


local address 


13 
14 


L ^WfwrrJintArittifnrtC 


local address 
instruction 


"l* 




instruction 


16 






17 






18 






19 






20 






21 






2 






23 






24 






« 








jpleYiflrarKft 




1 TrttnBranchContinuc 1 





GtobafTBMlM Hanril? r 

The GlobaJTHMts. csccpoon occur* when a load, .tore, «»r iromiction fetch b attempted 
while mine ttf Ih* GlnbaiTB entries contain a matching virtual address. The Zeus processor 
uses a faat software baaed exception handler to fill in a missing Gk»baITB entry. 

Inhere are several possible wsys that aoftware may maintain pap: ublea. For purposes of this 
discuss**, it h assumed that a virtual page table is maintained, in which 128 bit GTB values 
for each 4k btie p«gc in a fcnear table which is itself in virtual memory. By maintaining the 
page table in virtual memory, very large virtual spaces mav be managed without kecpimt a 
large amount of physical menwry dedicated to page tables. 
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Because the page table n kepi in virtual men**), it it possible that a valid reference may 
cauie a second GTBMiaa exception if the virtual addrrtt that containa the pane table it nut 
pteaent in the CTB. The [m«ia« ia designer! tt> permit a sccrmd exception to occur within 
an exception handler, causing a branch to the SccnndRxerpdon handler However, to 
atmphfy the hardware involved, a Second Exception exception uvea no specific informaDon 
ahtwt the exception - handling depends on keeping enough relevant information in registers 
«• recover from the second exception. 

Zeus is a multithreaded processor, which creates some special eonttderariont in the 
exception handler. Unlike a single-threaded processor, it is possible that multiple threads 
may nearly simultaneously reference the same page and invoke two or more GTB misses 
and the fully-associative construction of the GTB requires that there be no more than one' 
matching entry for each global virtual address. Zeus provides a search- andmscrt nperadon 
(CTBLpdateRD) to simphfy the handling of the GTB. This operation alio uses hardware 
GTB pointer registers to select GTB entries for replacement in P1PO priority. 

A fortherproblcm ia that software may need to modify the protection information contained 
tn the GTB, such aa to lemcrve read and/or write access to a page in order to infer which 
parts of memory are m use, or to remove pages from t task. These modification! may occur 
concurrently with the GTBMias handler, so software mutt take care to properly synchronize 
u^tin^GTB^nuS* P ' WV * dc * ' • e * rcn " nd u P a »« operation (GTBUpdate) to simplify 

Vnien-toiKe number of page table entries mutt be changed, noting the limited capacity of 
JJ? PeJuC * ^ Re * dil « G™ can be leaa wot* than matching .n 
modified enmes againat the GTB contents. To facilitiute this. Xeua alto providct read 
accessro the hardware GTB pantcrs to run her permit scanning the GTB for entries which 
i!!Tl!!!! repUced Nncr • l**™* 1 * •"»». GTB pointer wraparound is also logged, so it cat. 
be determined that the entire GTB needs to be scanned if all entries have been replaced 
since a previous scan. 1 
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In the auk bckiw, offsets from rt ire used with the following ***** ■tructurc 



Offset 


Meaning 


0..I5 


rO save 


I6..32 


"rl save 


32.47 


r2 save 


4S..63 


r3 save 


5I2..S27 


r4 save 


528..S35 


BaseFT 


536.543 


GTBUpdateFM 1 


544..S59 


DummyPT 


560.639 


available 96 bytes 



BasePT • 512 ♦ 16 
GTBUpdateFM . BasePT ♦ 8 
DummyFT - GTBUpdateFM ♦ 8 

( >n a GTBMias, the handler retrieves a base address Air the virtual pap table and constructs 
an index by shifting away the page offset bits of the virtual address. A single lU bftt Indexed 
k*d retrieves the new GTB entry directly (except that a virtual page table miss causes a 
second exception, handled bdow). A single 128bit shut to the GTBUpdatehB location 
places the entry into the GTB, after checking to eniurt that a concurrent handler hai not 
already placed the entry into the GTB. 



Code for GkibslTOMiss: 



x*4la rj.r tjasefl 

ashn rMtJ 

It Ma rj-rj/j 

x*4U r?»f t.GTBUpdatef rt 

»l?8t» rj.rj.0 

alttia r*«IJ2 

»970ia M»r1,l6 



//bast address tar page uUe 
//4a pages 

//retnevt pace tab* Scctac if bad va 
//pointer to 0TB update kxaoon 
//w new TS entry 
//restore rj 
//restore r J 
//restore rl 

//restore rO and return 



A swkhI except*** occurs on a virtual page table miss. It is possible to service such a p*gc 
table miss direct!), tonvever. the page offset bits of the virtual address Save been shifted 
sway. 4nd have been lost. These bits can be recovered: in such a can, a dummy GTB entry is 
obstructed, which will cause an exception other than GTBMUs upon returning. A re- 
execution of the offending code will then invoke a more extensive handler, making the fuD 
virtual address available. 

Ft* purposes of this example, it is assumed that checking the contents of r2 against the 
contents of BasePT is a good way to ensure that the scomd exception handler was entered 
from the GkihalTBMiss handler. 

Codr f<* SccondRxceprion: 

»t20» r4.rl.S12 //saveN 

a64i* r4-rl.fi*icf7 //base JKklrea tor page table 

tf.r4.if //did we lose at page lab* toad? 
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— rl* I ttimmy*? //dummy pjge ub* tftftrd left 64U t*i 
iimiM rJ#rJ64«ll /ftfwnbw* page numoee with dummy entry 

r * » //f*# tact into GTB Mm handler 

Exceptions In derail 

Thm tit no fecial registers to Indicate drtaila about the exception, auch u the virtual 
addreaa at which an acceaa we* attempted, tie the opcranda of a floating point operation that 
reauha in an exception. Instead, this tnftwmatxm it available via gencralpumose registers tw 
res^tm atotcd in memory. 

When a aynchnsnoua execpoon or asynchronous event occura. die original content! of 
regiater* (U arc saved in memory and replaced with (ty program counter, privilege level, and 
ephemeral program atate, (I) event data pointer. (2) exception code, and (3) when applicable, 
faibng addreaa or instruction, A new program counter and privilege level ia loaded from 
memory and execution begini at the new addreaa. After handling the exception and rtttoring 
all but one register, a hrarxh back inamxtkm itatorta the final regiitcr and rcaumc* 



Dunng eacepbon handling, any aaynchnmoua eventa are kept pending until a BranchBack 
instruct** ia perfumed By thia mechanism, we can handle exceptions and eventa one at a 
time, without the need to interrupt and atack exception* Software ahould take care to avoid 
keeping the handling of asynchronous eventa pending ft* too king. 

When a accisnd racer** m occura in a thread which ia handling an exception, all the above 
t^mbona occur, except lor the aaving and replacing of icgiatcra 0 .3 in memory. A diatmct 
exception code SccondRxcrprion replacea the normal exception code. By thia mechanism, a 
fiaat exception handler ft* UIobilThMiss can be written, in whkh a accond GkiUITBMiaa 
or rixedPoinK>wOow exception may aafely occur. 

When a third exception occura in a thread which ii handling an exception, an immediate 
transfer of control occura to the machine check vecttw address, with information about the 
except** available in the macMat check cauae field of the atatua regiater. IV transfer 
of contnil may ovcrwnte atau< that may be ncccaaary to recover from the exception; the 
intent h to provide a satisfactory postmortem imlicati«m of the characteristics of the failure. 

Thia acctttm deaenbea in detail the conditions under which exceptions t*cur, the parameters 
paaaed to the exception handler, ami the handling of the reault of the pmcedure. 



iM«a f 4*u« 



RttCTYCtf ll 

Hie Keaervedlnatrurtion except*** «*cur* when an instruction code which is reserved fi* 
future definition aa part of the Zeus architecture ia executed. 

Regiater 3 contains the 32 bit instruction. 
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Access Piaffgwetf fay virtual address 

"Ilua exception occurs when a load, store, branch. or gateway refers to an aligned memory 
operand with an improperly aligned address, or if architecture describe* m parameter LB=1, 
may alau occur if the add or in crement of the base register or program counter which 
generate* the address changes the unmasked upper 16 bits rtf the local address. 

Register 3 contains the local address to which the access was attempted. 

Access disallowed fry tag 

This except* m occurs when a read (load), write (store), execute, or gateway attempts to 
access a virtual address for which the matching cache tag entry does not permit this access. 

Register 3 contains the global address to which die access was attempted. 

Access detail required bv tag 

This exception occurs when a read (load), write (store), or execute attempts to access a 
virtual address for which the matching virtual cache entry would permit this access, but the 
detail bit is set. 

Register 3 ct mtains the gk ibJ address to which the access was attempted. 

Description 

The execpoon handler shouUl determine accessibility. If the access should be allowed, the 
connnoepastdetail bit is set and execution returns. l : pon return, execution is restarted and 
ihe access will be retned. F.vcn if the detail bit is set in the matching virtual cache entry, 
access will he permitted 

Access disallowed bv global TB 

1 ni* exception occurs when a read (load), wit* («torc), execute, or gateway attempts to 
access a virtual address for which the matching global TB entry d«s not permit this access. 

Register 3 contains the global address to which the access was attempted. 

Description 

The exception handler should determine accessibility, modify the virtual memory state it 
desired, and return if the access should be allowed. Upon return, execuoon is restarted and 
the access will Ik retned. 

Access detail required bv global TB 

litis exception «cun when a read (lo**). vritc (store), execute, or gateway attempts to 
access a virtual address for which the matching global TB entry would permit this access, but 
the detail bit in the global TB entry is set. 
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Register 3 owttaina the global address to which the access was attempted. 



The except** handler should determine accessibility and return if the access ahnukl he 
allowed. ip.Ni return, execuoon is restarted and the acre** will be allowed. If the access is 
i** to be .Bowed, the handler should not return. 

Global TR mice 

Th» caccpb.Ni occur, when a read (load), write (»*«). eaeeute, .« gateway attempt, to 
•ceess a virtual ad,*res. for which no global TB entry matches. 1 

Register 3 contains the global address to which the accca* wss attempted 
Dw ert cHon 

^J^^J^S?^ ^ • TB entry that define, the translation and 

U^^J^T^"^ rcturn . recwinn b restarted and the global TB access will 

Access diaflg^sd »^ bal TP 

Tto. otcepbun occur, when a read (load), write fstore). execute. ,* gateway attempt, to 
•ece- a virtual address for which the twtcWng TB entq A« n«« perrnit thi. ^ 

Register 3 contains the local address to which the access was attempted. 



Theewepqon handler should determine accessibility, modify the virtual memory „,« if 
*«red. ami return if the access ahould be aOowed. 1 pon return, eaeeuhtm i. restarted and 
the aeons win be retried. 

Access detail reauir^i hy fr^i T p 

Thia exception occur, when a read (bad), write (store), execute or gateway attempt. „, 

H^Zl^^ ^ d r M ,^l wh,ch M TB entry would permit this access, but 

me detail bit n the local TB entry is act. 

Register 3 contains die local address to which the access waa attempted. 

Bogjoflao 

The cmcepotm handler should determine acce.sib.lity and return if the access .hould be 

^r^ XZZ'T'^T'^ *\T U,tcd ,nd lhc * CCC " He allowed. If the access i. 
not *> be allowed, the handler should not return. 
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Local TB miss 

This exception occur* when a read (Jo*!), write (stoecV execute, or ptcwar attempts to 
access • virtual address 6>r which no local TB entry matches. 

Register 3 contains the local address to which the access was attempted. 

The execpoon handler should load • local TB entry that defines the mnskbon and 
pro tection fo r this address. Upon return, execution b restarted and the local TB access wtfl 
he attempted again. 

Floatingpoint Arit t l nftf r 

Rep Met 3 contains the S2-bit 



The iddrtss of the tmtrucboo that was the cause of the exception it passed as the contents 
of renter 0 The exception handler should attempt to perform the njnebon specified in the 
instruct**, and service any exceptional conditions that occur. 

Ftxed-potnr ft r 

Register 3 contains the 32-btt mstructkin. 

The address of the tmtrucoon which was the cause of the exception is passed as the 
contents of register 0. The exception handler should attempt to perform the function 
specified in the instruction and service any exceptional conditions that occur. 
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Reset and Error Recovery 

( crtain externa! ami internal cscm* cause the processor to invoke reset or ern»r recovers 
operation* These operations consist of a lull or partial reset of critical machine Mate, 
including :".;tiah/ation of the threads to l*cgin fetching instructions from the stan vector 
address. Software mav determine tin* nature of the reset or error by reading the value of the 
control rentier, in which finding the react hit set (1) imlcatcs that a rent has occurred, and 
finding U»th the react hit cleared (It) indicate* that a machine check hat occurred. \XT>cn 
either a react or machine check ha* Ixrn indicated, the content* of the status register contain 
more detailed information on the cause 

Definition 

def Pcr1ormM*ch*ycChctktc*Li%c\ m 
RnefWtualMrmoryO 
PrograrnCounter SlkTYcc tor Address 
PriWegeLeveN 3 

enddef 

Reset 



A re*rt may Ik caused In a |*.v -r tin reset, a bus react, a write of the control register which 
nt* the react hit, or internally detected error* including meltdown detection, and double 
check 

A reset causes the processor to set the configuration to minimum power and low clock 
•need, note the cause of the reset in the status register, stabilize the phase locked loop*, 
disable the MMl* from the contnd register, and initialize a all threads to l>cgin execution at 
the %tart vcct< »r address. 

< ithci system sutc: is left undefined h\ reset ami musi Ik explicitly initialized by software; 
this explicitly includes the threat agister state, I.TB and (iTH state, supcrspnng state, ami 
external interface devices *JV code at the start vector address is responsible for initializing 
these remaining system facilities, ami reading further bootstrap code from an external RC >M. 

Power-on Reset 

\ rcsei oecurs upon initial power on The cause of the reset is noted In initializing the Status 
Register ami other registers to the reset values mi led Mow. 

Bus Reset 

A reset .«curs upon observing that th< RIM T signal ha* been at active IV nusc .f the 
riMt :s noted In imtuli/ing the Nutus Register 4ml other registers to the reset value* noted 

I H Jott 



Micnd'ntry 



/eus System Architecture Tue, Aug 17, 1999 Reset and Error Rcuivcry 

Madia* Chrcfc 



Cpntrpf Register ftoet 

A reset occurs upon writing a «me to the react bit of the Control Register. The cause «if the 
reset is noted by initializing the Sums Register and other registers to the reset values noted 

below. 

Mgltdpyvn Pgiertrt R«gt 

A reset occurs if the temperature is above the threshold set by the meltdown margin field 
of the configuration register The cause of the reset is noted by setting the meltdown 
detected bit of the Starus Register. 

PPVbfg Chert Rg?gt 

A reset occurs if a second machine check occurs that prevents recovery from the first 
machine check. Specifically, the occurrence of an exception in event thread, watchdog 
timer error, or bua error while any machine check cause bit is stil] art in the Status Register 
results in a double machine check reset. The cause of the reset is noted by setting the 
double check bit of the Starus Register. 

Machine Check 

IX'tcctcd hatduare error*. such as communicanons emirs in the bus, a watchdog timeout 
cm>r, or interna] cache parity errors, invoke a machine check. A machine check will disable 
the MMl\ to translate all local virtual addresses to equal physical addresses, note the cause 
of the exception in the Status Register, and transfer contnJ of the all threads to the start 
vector address. This acnon is similar to that of a reset, but differs in that the configuration 
settings, and thread state are preserved. 

Recoven from machine checks depends on the seventy of the error and the potrnnal loss of 
information as a direct cause of the error. The start vector address is designed to reach 
internal ROM memory, so that operation of machine check diagnostic and recovery code 
need not depend on proper opcranon or contents of any external device. 1>ic pn»gram 
counter ami register file state of the thread pnor to the machine check is lost (except tor the 
portion of the program counter saved in the Status Register), so diagnostic and recover)' 
code must not assume that the register file state is indicative of the pnor operating state of 
the thread The state of the thread is frozen similarly to that of an exception. 

Machine check diagnosnc code determines the cause of the machine check from the 
processor's Statu* Register, and as required, the starus and other registers of external bus 
tie vices 

Rccmcn e«*lc will general!) ei»nsume enough nme that real time interface performance 
targets may have liccn missed Consequently, the machine check recovery software may need 
to repair further damage. *uch as interface buffer undcrruns and overruns as may have 
occurred during the intervening time. 
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Midline Orel 

11m tinal trcmvrv code, which re mmahrcs the state of the interface system and rccm-crs a 
*.ncr*.na. ornt thread state, may return to usinj; the complete machine resources, at the 
condir**. »hich caused the machine ct-eck wiO have heen resolved. 

The humify tahle hm the cause* of machine check errors. 



Parity or uncorrectable error In on-chip cache 
Parity or communications error In system bus 
Event Thread exception 

Watchdog timer 



machine check errors 



Parity Of Uncorrectable Error In Orfc 

When • p«uy or uncorrectable cm* occurs in mi on-chip cache, such in cm* is KcncraMy 
n.*»rccoxTrdvle These mm arc mm recoverable because the data in such caches may 
reside m memory, and because the data in such caches may be the only up-to-date 

cop, .4 that met n. tv cm tents. Gmscqucnth. the entire contents of the memory store is 
iriJ^ W '* " h * h cn,H « h 1,1 «*»»dcr such a condibon to be a system 

The machine check provides an -•pportuniry m report such an emir b. fore shutting down a 
system ft* repairs 

There arc specific means by which a system may recover from such an error without failure 
such as hs rcstam* mm a svsrem level checkpoint, mm which a consistent memory state 
car. he recovered 

Parity or Communicarinnc, Error in ftm 

Vhen a rmn «* o*nmunications em* occurs in the system huv such an em* may Ik 
pareaBy rccoxcrslv* 

Bits corses^ .ndin* to the affected bus operation are »et m the pn*essor's Status Rep Oct 
Recovery .rttware should determine which devices are affected, by ^ucrym,. the Statu. 
Reipster .* etch drvicc on the affected McdiaChannel channels. 

A bus rancour ma> result from normal fcclf o*tfipjr»t>*i actmnca. 

If the est.* is simply a communications em*, rcscmr* appr.**iate deuces and reosmrw 
tasks mat rccoxxT from the cm* Read and wntc tranaaciKMia may have been underway at 
the t*r* of • machine cheek and may .* may n.* be reflected in the current aysrem state. 

If the err.* is man a psnty em* in mcrnory. the c*itenrs of the afrected area of memory ts 
k»t, and o-iM^nth the t.»k» axv.o.tr,! w ,rh that memory must Rcncrallv he ahoncd or 
reamed rrom a task level checkpoint If the contents of the affected mcm.*v can Ik 
rccoxercd mwn max* xtors^-e. a complete recovery is ptMsihle 
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If the affected mrmon is that of a crrocal pan of the operating i,«etn, tuch • amdioon b 
c«m»idcrcd a ivitem failure, unlet* recovery can be acoxnpiuhed m*n a ivstcm'cvcJ 
checkpoint. 

Watchdog Timeout Error 

A watch** timeout em* indicate* a general aoftware or hardware failure. Such an cm* b 
generally treated a* non recoverable and fatal. 

Event Thread Exception 

When an event thread suffers an except.*, the cause of the exception and a portion of the 
virtual address at which the excrpoon occurred arc noted in the Status Rcgbtcr. Because 
under normal arcumstances. the event thread should be designed not t» encounter 
exceptions, such escepbons are treated aa non-rtxovcrable, fatal error*. 

Reset state 

A tTl* 7"*"" , ch< ^ «•»■" •»« *«s processor to .t.bO>« the phase locked loops, 
disable the kical and global TB. to translate all local virtual addresses to equal physical 
•ddrewe*. and inituhzc aD thread* to begin execumm st the start vector address. 

Start Address 

The start address is used t.. mraahae the threads with a program counter upon a reset, or 
machine check. These causes of such mb.fe.bon can be differentiated by the contents of 
the Status Register. 

The stan address is a virtual address which, when -translated" by the kical TB and gi.ibal TB 
to a physical address, b designed to access the internal ROM wdc. The internal ROM mwcc 
is chosen ro mirumixe the number ,* internal rcmrces and interfaces that must be operated 
to begin execution or recover from a tnachmc check. 





description H 


I OxFFFF FFFF FFFF FFFC \ 


start vector address J 



def StartProccssor as 
forever 

catch check 

CrabicWatchdog *- 0 
fork ftundocfc 

Contro<Pegistef^2 *~ 0 
for th «~ 0 to T- 1 

ProgrvrCounttrpm OxFFFF FFFF FFFF FFFC 

* D rtv»legei.cveftth| 3 

fork ThrtNvdftnf 
erxJfof 
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tfHrmal ROM Codr 

Cfidcatcri 
kJi RurOocfc 
tor th#-OtoT.| 
Mi Thread{th| 
codfof 

fVi f cm • i (MdchmtChcckfchccll 

enodef 

oef Pgy fa rmMxrwcCheckfchcc^ as 
case check of 

ClocttWatrhdog: 
CachcCiiui. 
ThvdCaccpoon: 
endcase 
cnooff 



Internal ROM Code 

Zeus internal ROM cock performs reset tniritHxabon of on-chip resources, including the 
I-ZC and U)Q flowed by sdf-tcsung. The BIOS ROM should be scanned fiw a special 
prefix that indicates that Zeus native code b present in the ROM, in which case the ROM 
code is executed directly, otherwise execution of a BIOS-level x86 emulator ts begun. 
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Memory and Devices 

Physical Memory Map 

Zeus defines a 64-bir physics! address, but while residing in a S7 pin-out, can address a 
maximum of 4Gb of main memory. In other packages the core Zeus design can provide up 
to M bit external physical address spaces. Bit 63..32 of the physical address distinguishes 
between internal (on-chip) physics! addresses, where bits 63. J2= FFFFFFFF, and external 
(off-chip) physical addresses, where bits 63..32^1TFFFFFF. 



Address range bytes 

0000 0000 0000 0000.0000 0000 ffff ffff 4G 

oooo cooi oooo oooo ffff fffe ffff ffff »***o 

ffff ffff 0000 0000 /HT Ffff 0002 0FFF I28X*4IC 

rrrr ffff ooo? iooojtff ffff obff nrr \*4u*\m 

ffff FFFF 0900 0000 JTFF ffff 0900 00 7F 128 

FFFF FFFF 0900 0080 JTFF FFFF 09FF FFFF I6M-I28 

FFFF fVTf OA0OOO0O*r2 lf *«*l6 8T2 1 * 

ffff FFFF 0*00 0000 FFFF FFFF OVT FFFF 8T2 11 

FFFF FFFF 0800 0000 FFFF FFFF OflFF FFFF I6M 

FFFF FFFF 0C00 OOOOH* gT # 2 1 ♦^♦^ 1 6 T2* ******** 

FFFF ffff 0C00 0000 FFFF FFFF OCFF FFFF ^KiC-GT 

FFFF FFFF 0O00000O*t S CI** 1 * 0 * I6T2* CT 

ffff FFFF OOOOOIOOHs GT # 2'* GT I6T2" 01 

FFFF ffff 0OO002O0* s 0 T # 2 ,4MiT eT?" 01 

FFFF FFFF 0O00030Ot* GT^ 1 * 07 rr2* CT 

FFFF ffff 0O0004<XMvGT # 2 , ^ T 8T2*° T 

ffff FFFF 0£00 0O0OH*2" « T 

FFFF FFFF OFOO 0008 FFFF ffff OFOO OOFF 256-8 

FFFF FFFF OFOO 0100 FFFF ffff OFOO 0107 8 

FFFF FFFF OFOO 01 08 JTFF FFFF OFOO OIFF 25641 

FFFF FFFF OFOO 0200 FFFF FFFF OFOO 020? 8 

FFFF FFFF OFOO 0208. FFFF FFFF OFOO 02FF 256-8 

ffff ffff OFOO 0300 ffff ffff OFOO 0307 8 

ffff FFFF OFOO 0308 FFFF ffff OFOO 03FF 256-8 

FFFF FFFF OFOO 0400. FFFF FFFF OFOO 0407 8 

FFFF FFFF OFOO 0408 FFFF ffff OFOO 04FF 256-8 

FFFF FFFF OFOO OVOO FFFF FFFF OFOO 0507 8 

ffff ffff OFOO 0508 ffff ffff OFOO 05FF 256-8 

FFFF FFFF OFOO 0600 JTFF ffff OFOO 0607 8 

ffff ffff OFOO 0608 JTFF FFFF OFOO 06FF 256-8 

FFFF ffff OFOO 0700 ffff ffff OFOO 0707 8 

FFFF FFFF OFOO 0708 JTFF FFFF OFOO 07FF 756-8 

ffff ffff OFOO 0800 JTFF FFFF OFOO 0807 8 

FFFF FFFF OFOO 0808 FFFF ffff OFOO 08FF 256-8 

ffff ffff OFOO 0900 JTFF FFFF OFOO 0907 8 

FFFF FFFF OFOO 0908 JFFF FFFF OFOO 09FF 256-8 

ffff ffff OFOO (WW JTFF FFFF OFOO 0*07 8 



Meaning 

External Memory 

External Memory expansion 

Level One Cache 

Level One Cache expansion 

Level One Cache redundancy 

LOC redundancy expansion 

LTB thread t entry e 

LTB max 8T2 1 * « I6M bytes 

Special Bus Operations 

GTB thread t entry e 

GTB max 2 s * 4 * 1 * - I6M bytes 

GTBUpdate thread t 
GTBUpdateFHI thread t 
GTBLast thread t 
GTBFirst thread t 
GTB Bump thread t 
Event Mask thread t 
Reserved 

Event Register wit h stag 
Reserved 

Event Register bit set 
Reserved 

Event Register bit clear 

Reserved 

Clock Cycle 

Reserved 

Thread 

Reserved 

dock Event 

Reserved 

Clock Watchdog 

Reserved 

Tally Counter 0 

Reserved 

Tally Control 0 

Reserved 

Tally Counter 1 
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FFFF FFFF Oho OA0&.FFFF frtt OFOO OAFF 
Ff FF FFFF OFOO 0600 FffF FFFF OFOO 0607 
FFFF FFFF OFOO 0606 FFFF FFFF OFOO 06FF 
FFFF FTFF OFOO OC 00 -FFFF FFFF OFOO 0C07 
FFFF m$ OFOO 0C06FTFF FFFF OFOO OCFF 
FFFF FFFF OFOO OCOOJTFF FFFF OFOO 0007 
FFFF FFFF OFOO 0006-FFFF FFFF OFOO OOFF 

&n tm ofoo ocoojtff fm ofoo oeo7 

FFFF mf OFOO 0208-FFFF ffFf OFOO 02FF 
*n* FFFF OFOO OFOOJTFF FFFF OFOO 0F07 
^ TO OFOO OFO*_FFFF FFFF FEFF FFFF 
fm mt FFOO 0000 -FFFF FFFF FFFE FFFF 
FFFF FFFF FFFF OOOOJTFF fFPF H¥F FttF 



• 

256-8 
8 

517-6 
8 

SI24 
8 

256-6 
8 



64* 



Reserved 
Tafly Control I 
Reserved 
Exception Base 
Reserved 

Bus Control Register 

Reserved 

Status Register 

Reserved 

Control Register 

Reserved 

Internal ROM expansion 
Internal ROM 



The tuffixotn the table abo ve have the following meanings: 







2* 


b 


bits 




B 


bytes 


0 


K 


kilo 


10 


M 


mega 


20 


G 


9*98 


30 


T 


tera 


40 


P 


pet* 


50 


E 


e*a 


60 



I 

I 024 

I 048 S76 

I 073 741 824 

I 099 51 1 627 776 

I 125 899 906 842 624 

I 152 921 504 606 846 976 



I0y "decimaT 

0 I 

3 I 000 

6 I 000 000 

9 I 000 000 COO 

12 I 000 000 000 000 

15 I 000 000 000 000 000 

18 1 000 000 000 000 000 000 



def data *eadPhy»c^pa.si*cj 3$ 

data/lags «- /Vc«sPhyjica<(pa.$ize.WARO| 
enddef 

def WhtePhysical|pa.sve.wdata) as 

data,flags «- Acces$Physica<{pa.$ue.\VAW.wcJata} 

def data.flags «- AccessPhysica<|pa.y2e^cop.vvdata) as 

* (0x0000000000000000 i pas OxOOOOOOOOf FFFFFFF] then 
datajlags «- >VcessPhysicalBus(pa.si/e.ccop.wdataj 

cue 

data ^cessfhyis^Oevfcestpjtswe.op.wdat^ 
Hags 4- 1 

end* 

def data «- ^cessPhysKalOevKes^^i/e.otxwdatal as 
if |we-2S6| then 

dataO AccessPhysicalDcvices(pa, 1 28.op.wdata , 2 7_(j 
data I AccessPhys*cafOevices(pa*16.l28x)p.wdata2 55 , 7e j 
data data! 1 1 dataO 
else* fO^FFFFFFFOBOOOOOO S pa S OxffnfFFFOBfFFFm then 
//dont perform RMW on this region 
data «- ^cessPhyjKaOherBus(pa.we.op,wdata| 
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eherf fop-W) and fsfee<128| then 

//thrt code should change to check pj*_0#0 and ttecsUeofrt? 
rdata AccetsPhysfcaOevteestpa and • 1 S.I28.RQI 
bs 4- B*|pa and IS) 
be 4- oj ♦ size 

hdata rdaU| 27 .bt H wdata^,^ II rdata^j, 
data 4- *cessPhysieatDevices{pa and -I5.12aw.hdaa* 
else* (0x0000000100000000 1 pa $ OxfffffffEffFFFFFF) then 
data 4- 0 

else* (OxfFfFFFFFOOOOOOOO £ pa £ Oxf FFfFFFF06FFFFFF) then 

data.4- iVce»Ph)5^0C|pa^wdao( 
erse* (0xFFFFFFFF09000000 £ pa £ QxfFFFfFFF09FfFFFF| then 

data Acce*sFtysfcallOCfted^^ 
else* (OxfFffffffGAOOOOOO $ pa 1 QxfFffFFFfaAFFfffF) then 

data 4- *cessfhyslcaflJB|pa^vvdato| 
elseif (OxffffFFFFOCOOOOOO * pa S OrfFfFffFFOCFfffff) then 

«- ^«tfhyj*calGTBlpa^wo^ 
else* (OxfFFFFFFFOOOOOOOO £ pa £ (fcFFFFFffFOOff ff ff) then 

<**a «- *c«sPh>tfcalGTBRc$^ 
***** fOxFFFFFFFFO€000000 1 pa 1 QxfFFFfFfFOeffffFF) men 

4- AcceisPhysk^CventMajkjpa^ 
else* (OxFFFFFFFFOFOOOOOO £ pa £ OxffFFFfFFOfffFFFf) then 

o>ta 4- AccettPhyslcaSpeciattetfster^ 
else* (OxFFFFFFFF 10000000 £ pa 1 OxFFFFFfFFFEFFFFFF) then 

data 4- 0 

***** (Oxf ffffff fff 000000 £ pa £ Qxfffffffffff FFFFF) then 
data 4- AccessPhytfcalROMtD^ 



def data AcccssPrysicarSpeciaWegjst^^ as 
4 (P»7 o * Oxioj then 
data 4- 0 

***** (OxFFFFFFFFOFOOOOOO £ pa 1 OxFFFFFFFFOf 000 3FF) then 

data Acce»Physica«ver««eo^jteitpa,op,wo^ 
elseif (OxFFFFFFFFOFOOOSOO £ pa £ OxFFFFFFFFOFOOOSFF) then 

data,4- AccessPhysacamireadipa^vvda^ 
erseif (OxFFFFFFFFOf 0004 00 £ pa * OxFFFFFFFFOf 000 7FF) then 

data.4- Acce*sPhys*a*OcxqpAopwdafc< 
efsetf (OxFFFFFFFFOf 000800 1 pa 1 OxFFFFFFFFOf 0006FF) then 

data.4- AccetsPhys*cafTary(pa.opiwdat^ 
elseif (OxFFFFFFFFOf OOOCOO £ pa 1 Oxf FFFFFFFOF OOOCFFJ then 

data.*- Acce«Ph>^caCxceptk)naase<pa.op,wd^ 
else* (OxFFFFFFFFOFOOOOOO £ pa £ OxFFFFFFFFOFOOOOfFJ then 

d*ta.«- AccessPhysical8usControl(pa.op,wdat^ 
elseif (OxFFFFFFFFOf OOOCOO £ pa £ Oxf FFFFfFf OfOOOEff) then 

data.4- AccessPhysicalStatus(pa.opwdata| 
elseif (Oxf FFFFFFFOF OOOfOO £ pa £ Oxf Fff f Fff Of OOOf f f| then 

data.4- AccetsPhysicalControl(pa.op.wdata| 

endtf 
enddef 
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The last hcxlet of the internal ROM contains data that describes implements twin -dependent 
choices within the architecture specification. 11k Uu quadlct of the interna! ROM contains a 
branch-immediate instruction, so the architecture description is limited to 96 bits. 



Address range 


bytes 


Meaning 


FFFF mt FFFf FttCJfFf FFFF FFFF FFFr 


4 


Reset address 


WES? Ffff F*TF FffOJTff FfTF ffTT FFFB 


12 


Architecture Description Register ! 



The table below indicates the detailed layout of the Architecture Description Register. 



bits 


field name 


value ranoe 


interpretation 


127.96 


bl start 






Contains a branch instruction for bootstrap 
from internal ROM 


95-23 


0 


0 


0 


reserved 


22-21 


GT 


1 


0.3 


OQ2 threads which share a global TB 


20.17 


GE 


7 


0-15 


kxj2 entries in global TB 


16 


LB 


1 


0.1 


local TB based on base reqister 


15-14 


LE 


1 


0-3 


log* entries in local TB (per thread) 


13 


CT 


1 


0-1 


dedicated taqs in first-level cache 


12.10 


CS 


2 


0-7 


log? cache blocks in first-level cache set 


9.5 


CE 


9 


0-31 


log? cache blocks in first-level cache 


4.0 


T 


4 


1-31 


number of execution threads 



The architecture description register contains a machine -readable version of the architecture 
framework parameters: T, CE, CS, CT, LE, GE, and GT described in the Architectural 
BttmOBgk section on page 17. 

Status Reaister 

The suras register is a 64-bit register with both read and write access, though the only legal 
value which may be written is a *cro, to clear the register. The result of writing a nonxcro 
value is not specified. 
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v*ue rano? 


tntet pf cOfton 


63 


powcr*on 


1 


0.1 


irns on is set wnen a power-on met has 
caused a reset 


62 


internal reset 


0 


0..I 


ims oil is set when writing to tnc control 
reoister caused a reset 




fi^ » m m # a#a6 

dus reset 


D 


0..I 


This bit is set when a bur reset has caused 
a reset 


60 


aouDie cnecK 


0 


0..I 


ints bit is set wnen a double machine 
check has caused a reset 




men aown 




is*. 1 


mis dr is set wnen tnc meftdown detector 
rws causcu a reset. 


S8 56 


b 




o 


Reserved for other machine check causes. 


55 


event 
exception 


9 


0..I 


mis Dit is set when an exception in event 
thread has caused a machine check. 


54 


watchdog 
timeout 


0 


0.1 


This bft is set when a watchdog rtneout 
has caused a machine check. 


S3 


bus error 


0 


0.1 | 


This bit is set when a bus error has caused 
a machine check. 


S2 


cache error 


D 


0..I 


This bit is set when a cache error has 
caused a machine check. 


51 


vm error 


0 


0.1 


rhls bit is set when a virtual memory error 
has caused a machine check. 


50 48 


0 


0* 


0 


Reserved for other machine check causes. 


47 32 


machine 
check detail 


O* 


0..40 
95 


Set to exception code If Exception in event 
thread. Set to bus error code Is bus error. 


31 0 


machine 

check 
program 
counter 


0 


0 


Set to indicate bits 3I..0 of the value of the 
thread 0 program counter at the initiation 
of a machine check. 



The power-on hit of the tutus register is set upon the completion of a power -on reset. 

11k bus reset l>it of the surus register is set upon the completion of a bus reset initiated by 
the RVSP.T pin >( the Socket 7 interface. 

The double check bit of the status register is act when a second machine check occurs that 
prevent* rccmcry fnim the first machine check, or which is indicative of machine check 
recover) software failure. Specifically, the occurrence of an event exception, watchdog 
timeout, bus error, or meltdown while any reset or machine check cau»c bit of the status 
register i» still set results in a double check reset. 

The meltdown bit of the status register is set when the meltdown detector has discovered 
an on chip temperature above the threshold set by the meltdown threshold field of the 
control register, which csuses a reset to occur. 

'ITk event exception bit of the status register is set when an event thread suffers an 
escepritm. which causes a machine check. The exception c«nlc is loaded into the machine 
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check detail field of the stems register, and the machine check program counter is loaded 
with the U rw-ordrr 32 bits of the pnigram counter and privilege level. 

The watchdog timeout bit of the status register is set when the watchdog timer register is 
cijual to the clock cycle register, causing a machine check. 

The bus error bit of the status register is act when a bus transaction error (bus timeout, 
invalid transaction code, invalid address, parity errors) has caused a machine check. 

The cache error bit of Ac status register is set when a cache error, such as a cache parity 
error has caused a machine check. 

The vm error bit of the sums register is act when a virtual memory error, such as a GTB 
multiple-entry selection error has caused a machine check. 

The machine check detail field of the status register is set when a machine check has been 
completed. For an exception in event thread, the value indicates the type of exception for 
which the most recent machine check has been repotted For a bus error, this field may 
indicate additional detail on the cause of the bus error. For a cache error, this field may 
indicate the address of the error at which the cache parity error was detected 

The machine check program counter field of the status register is loaded with bits 31 ..0 of 
the program counter and privilege level at whkh the most recent machine check has 
occurred. The value in this field provides a limited diagnostic capability fot purposes of 
software ooxJopmcnt, or possibly for error recovery. 



Pftysfcat addnai 



The physical address of the Status Register, byte b is: 



63 



32 0 



FFFF FFFF 0F00 0E00 63 . 3 




61 



Definition 

def data AccewPhy»calStotu^op.wdata) as 



case op of 



data 0 64 1 1 Status/legist) 

W: 

SCAtusRegtstcr «- wdata^j jq 



endcase 
enddef 



Control Register 



The control register is a 64 -bit register with both read and write access. It is altered only by 
write access ro this register. 
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bits 


fteKJ name 


value range 


r<gfprem*on 


63 


reset 


0 


0-1 


set to invoke internal reset 


62 


MMU 


0 


0-1 


set to enable the MMU 


61 


LOC parity 


0 


0_l 


set to enabie LOC parity 


60 


meltdown 


0 


0-1 


set to enabie meltdown detector 


59.57 


LOC timing 


D 


0-7 


adjust LOC Amino fc*sfow_7**fast 


56.55 


LOC stress 


0 


0-3 


adjust LOC stress 0=»normaf 


54.52 


clock timing 


0 


0-7 


adjust dock timing 0=>slow.7=>fast 


51-12 


0 


0 


0 


Reserved 


11.3 


global access 


0 # 




qtobaf access 


7..0 


niche limit 


0 # 


7 


niche lotft 



The met bit of the control register provides the ability so reset an rndrvidual Zeus device to 
t system. Writing a one (1) to this bit is equivalent to a power-on reset or a bus reset The 
duration of the reset is sufficient for the operating state changes to have taken effect. At the 
completion of the reset operation, the internal reset bit of the status register is set and the 
reset bit of the control register is cleared (0). 

The MMU bit of the control register provides the abtHry so enable or disable the MMU 
features of the Zeus processor. Writing a *cn# (O) to this bit disables the MM! \ causing all 
MMU -related exceptions to be disabled and causing all load, store, program and gateway 
virtual addresses to be treated as physical addresses. Writing a one (1) to this bit enables the 
MMU and MMU related exceptions. On a reset or machine check, this bir is cleared (0), thus 
disabling the MMU. 

The parity bit of the control register provides the ability to enable or disable the cache parity 
feature of the Zeus processor. Writing s aero (0) to this bit disables the parity check, causing 
the parity check machine check to be disabled. Writing a one (1) *> this bit enables the cache 
parity machine check. On a reset or machine check, this bit is cleared (0), thus disabling the 
cache parity check 

The meltdown bit of the control register provide* the ability to enable or disable the 
meltdown detection feature of the Zeus pnicesaor. Wnting a zero (0) to this bit disables the 
meltdown detector, causing the meltdown detected machine check to be disabled. Writing a 
one (1) to this bit enables the mcltckrwn detector. On a reset or machine check, this bit is 
cleared (0), thus disabling the meltdown detector. 

'! he LOC timing bits of the control register provide the ability to adjust the cache timing of 
the Zeus processor. Writing a zero (0) to this Acid sets the cache timing to its slowest state, 
enhancing reliability but limiting clock rate. Writing a seven (7) to this field sets the cache 
timing to its fastest state, limiting reliability but enhancing performance. On a reset or 
machine check, this field is cleared (0), thus pn rviding operation at low clock rate. Changing 
this register should be performed when the cache is not actively being operated. 
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The LOC stress bits of the conm J register provide the ability m stress the l/XT parameters 
by adjusting voltage levels within the IXK. VC'riring a aero (0) to this field sets the eache 
parameters to its norma) stare, enhancing reliahibry. Writing a non-xcm value (1. 2, or *) to 
this field sets the eache parameters to levels at which cache reliability is slightly 
compromised. The •tressed parameters arc used to cause IXXL cells with marginal 
performance to fail during self- test, so that redundancy can be employed to enhance 
reliability. On a reset or machine check, this field is cleared (0), thus providing operation st 
rnKnul parameters. Changing this register should be performed when the cache is not 
ac ivcry being operated. 

The dock timing bits of the control register provide the ability to adjust the clock riming of 
the Zeus processor. Wrinng a xcro (0) to this field sets the clock timing to its slowest state, 
enhancing reliability but limiting clock rate. Writing a seven (7) to this field sets the clock 
timing to its fastest state, limiting reliability but enhancing performance. On a power on 
reset, bus reset, or machine check, this field is cleared (0), thus providing operation at low 
clock rate. The internal dock rate it act to (clock timing* ,/2*(extemal dock rate). 
Changing this register should be performed along with a control register reset 

The global access bits of the control register determine whether a local TB miss cause an 
exceptions or treatment as a global address. A single bit, selected by the privilege levd active 
for the access from four bit configuration register field, "Global Access,- (GA) determines 
the result If GApf, » *cro (0), the failure causes an exception, if it is one (1). the failure 
causes the address to be used as a global address directly. 

The niche limit bits of the control register determine which cache lines are used for cache 
access, and which lines arc used for niche access. For addresses pau. j<nl , a 7-bit address 
modifier register am is inclusivc-or cd against p«i4. j determine the cache line. The cache 
modifier am must be set to (l^Mrfl^nl) j j tfug(l28 nl)) fof pn>pcr <>pcTan<>n< 11>c ^ 
value does not appear in a register and is generated from the nl value. 

Btmical 

Th€ physical address of the Control Register, byte b is: 

" „ 320 

| FFFF FFFF OFO0 0F00 63 3 { b [ 

61 3 

Qcfiotttao 

del data /cceisPhypcalContro»{pa.c^.wctota) as 
case op of 
ft 

data •-O 64 II ControlRcoirtcr 

W: 

CootrolRegntef wdata^j 0 

enoxase 
enddef 
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Clock 

The Zeus processor provides interna] dock facilities using three registers, t dock cycle 
register that increments one every cycle, a dock event register that sets the clock bit in the 
event register, snd a dock watchdog register that invokes a dock watchdog machine 
check. These registers are memory mapped. 

Rach Zeus processor includes a dock mat maintains processor ~ckx*<yck accuracy. The 
value of the dock cycle register is incremented on every cycle, regardless of the number of 
instructions executed on mat cycle. The dock cyde register is 64-btts long. 

For testing purposes the clock cyde register is both readable and writable, though in 
normal operation it should be written only at system iraoafixabon time; there is no 
mechanism provided for adjusting me value in the dock cycle counter without die possibility 
of losing cycles. 

« 0 

I does: cycle 1 

64 

Event 

An event is asserted when the value in the clock cyde register b equal to the value in the 
dock event register, which sets the dock bit in the event rcgrtcr. 

It is required that a sufficient number of bits be implemented in the dock event register so 
that the comparison with the dock cycle register overflows no more frequently than once 
per second. 32 bits is sufficient for a 4 Gl la dock. The remaining unimpkmented bits must 
be aero whenever read, and ignored on write. Equality is checked only against bits that are 
implemented in both the dock cyde and dock event registers. 

For testing purposes the dock event register is both readable and writable, though in 
normal operation it is normally written to. 

« 0 

I cjocfc event | 

64 

Clock Watchdog 

A Machine Check is asserted when the value in the dock cycle register is equal to the value 
in the dock watchdog register, which sets the watchdog timeout bit in the control register. 

A Machine Check or a Reset, of any cause including a clock watchdog, disables the clock 
watchdog machine check. A write to the dock watchdog register enables the dock 
watchdeig machine check. 
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It a refund that • sufficient number of bits be implemented in the dock watchdog 
register so that the comparison with the dock cycle rearer overflows no mote frequently 
than once^cr second 32 bits is sufficient for a 4 Gils clock. The remaining imimplcmcnrcd 
bits must be aero whenever lead, and ignored on write. Equality is checked only against bin 
that arc implemented m both the clock cycle and clock watchdog rcguters. 

The dock watchdog register b both readable and wntable, though in normal operation n it 
usually and periodically written with a sufficiently large value that the register docs not equal 
the value tn the dock cyde register before the next time it is written. 

£ . 0 

I clock watchdog 1 

64 1 

Physical aadTCB 

The Ckxk regbters appear at three different locations, for which three registers of the Ck>ck 
ate mapped The dock Cyde counter b register 0. the Clock Event b register 2. and 
OockWatchdog b regbter J. The physical address of s Clock Register t, byte b b: 

i 63 I09S7 12 0 

| FFFF FFFF 0F00 0400 &a _ to I f I 0 I bl 

_ 5 3 

<tef data *c**Pty**Kkxk& as 
**- P*9.J 
case f 1 1 op of 
0 ti ft: 

data 0* 1 1 OoctcCycle 
0 II W: 

OocfcCycle wdata^j 0 

2 II ft 

data «- 0** 1 1 OocfcEvent 
211 Wi 

CkKkEvtmt t- wdataj, o 

data «- 0* 1 1 OocicWacthdog 

3 II W: 



endcase 

onilrlrf 



OocftcWatchdog «- wdataj,_ 0 
Coatt ^Watchdog «- I 



def ftunCtoer « 
forever 

OortCycte OoctCytle ♦ I 

9 EaatteWatchdog and rClockCycle 3 0 • CtockW*chdog 3l of then 

rase ClockWatchdogrViachinoChcck 
eftc* fCtoctrCycleji o ■ CtockEver*}, qJ thro 

CvencRegistefo l 
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T.0, 



ffKfronrver 
enddcf 



Taffy 

Taffy County 

Rach processor include* two ooumcn thai can tally processor related events or operation*. 
The value* of the uDy counter registers are incremented on cadi processor dock cycle m 
which specified events or operations occur. The taDy counter register* do not signal events. 

It is required that a sufficient number of bits be implemented so that the tally counter 
registers overflow no more frequently than once per second. 32 bits is sufficient for a 4 Gl la 
clock. The remaining unimplementrd birs must be aero whenever read, and ignored on 
write. 



For testing purposes each of the tally counter registers are both readable and writable, 
though in normal operation each should be written only at system iniriaKaation time; there » 
no mechanism provided for adjusting the value in the event counter registers without the 
possibility of losing counts. 



63 




tally counter 0 | 




64 1 


6? 




1 


tally counter 1 I 


64 



The Tally G*mter renter* appear at two different location*, for which die two rrvisr-„ uc 
mapped. The physical address of a Tail)- Counter register f. byte b it: 
61 



I- 1098 32 0 

| FFFF FFFF 0F00 0800 »3..I0 pj 0 [bj 

54 
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IV tally counter a mm J rcyttn.'r» each telect «w*c ntctnc fur imc "f the tatty counter*. 

63 iilS 0 

I 0 



Itally control 0| 



16 



63 



16 IS 0 
If Ity control j] 



16 



Each cuntnJ fcprtct b loaded with a value in one of the fttlkiwing formate 

IS 14 1312 | ? 6 S 4 1 2 I 

I 0 I H»Q I 



thrwd 

s 



|W| g | X I O | S I L I B I A~| 

» 1 I 1 I I t I 



tea. 



meaning 

count Instructions issued 



c^tlnm icBons retired fdWers by branch mtspred. exceptlonsT 
In which at least onel 



count cycles in whktt at least one Instruction ts Issued 
count cycles In which next Instruction Is waWno for taue 



WF.XGSLBA: include instruct*™ of these cIuki 
IS 14 13 12 87 



4 3 



thread I flap I S I L | W | 1 1 

11 1 5 4 I I i i 



teq 


meaning 


0 


count bytes transferred cache/buffer to/from processor 


1 


count bytes transferred memory to/from cache/buffer 


2 




3 




4 


count cache hits 


S 


count cycles In which at least one cache hit occurs 


6 


count cache misses 


7 


count cycles In which at least one cache miss occurs ! 


8.1 S 





S L W I: include inmuct**.* i >f the* ci«w» (Store, l*w<i Wide, I rut ruction fetch) 
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, IS . 14 , 13 " 67 6 S 4 3 2 I 0 

1 1 I 0 I I I thread | flap I n [ E I X I T I 3JT] 

' 1 1 s ; i i i lit 



flaq 


meaning 


0 


count cycles In which a new instruction is issued 


1 


count cycles in which an execution unit is busy 


? 




3 


court cycles in which an instruction is waiting for issue 



n select unit number r'.ir C »* A unit 

F. X T G A: include unit* of these claaaea (Ensemble. Crmabar, Translate, Group. Addrear) 

IS 14 13 t? II 10 9 8 7 6 S o 

I □ M OIOlOlOtolololol « v<mt j 

I i • ■ • • • ! • ! * 1 

event: iclect event number fawn event rcpttcr 

IS 14 13 \2 tl tO 9 6 7 6 S 0 

Q] Hllololololo lolol other 1 

l i i i 5 i ] tii 6 ' 

( >thcr v aJkJ value* for the tally control ficldi arc jjiven by the folU rtnn^ table: 



other 




0 


count number of instructions waiting to Issue each cycle 


1 


count number of instructions wattinq in spring each cyr> 


2.63 


Reserved ~ — 1 — 


taBy control field interpretation 



Physical addr^s, 

11k Tally Control rearers appear at two different location*, for which the two rc^ito* are 
mapped The physical address of a Tally Gwurol register C byte b is: 
63 



I 1098 32 0 

L FFFF FFFF 0F0 ° 0^00 63.. tO H 32"Tb1 



Definition 

def data «- AccessPhyi<aaal*yipa,op.wdJita| as 

case pa 8 1 1 op of 
OUR: 

data — 0 96 H Ta«yCounter|f| 

0 II W; 

TaJjyCounterff) «_ wdatajj 0 
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Mem in* and Dcvtcrt 



I II * 

OMa #- O n * II TaHyControflfJ 
I 1 1 W: 

T^tyControlJfH- wd*t*i$ o 

endc*se 
endOcf 



The Zeus pn*ccss« it includes ft register that effectively contains the current thread number 
that read* the register In this way, threads running identical code can discover their own 
identity. 

It is required that a sufficient number of bits be implemented so that each thread receives a 
distinct value. Values must be consecutive, unsigned and include a jscto value. The remaining 
urn m piemen ted bits must be *cro whenever read. VTrites to mis register arc ignored. 



Thread Register 



63 



0 



thread 



64 



11* physical address of the Thread Register, byte b is: 
63 



32 0 



FFFF FFFF 0F00 0500 6X 3 




del 6M* AccettPnyvcXThre^lpa.op.wdM^ as 
case op of 

dat* 1 1 Thread 

W 

// notfang 

endcase 
en<J(Jef 
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Index 



Acce«« detaa* mjuirrd 

bs global 11*96, HW. 119, 122, 125, 12". I 3U. 

mm, ar, 294. 302, 3<p. )n 312, 31 5 

by Weal nm, 1119. 119. 122. 125. IT. I3l». 112. 

IH 2^. 293. >l2. Mr. 5 Ul, 512. 315 
t» tag96. I«1 1 I*. 122, 12S, ir. 1 K 1)2. IM, 
2*7. 29*. 3U2, 3<r. 31U. J12. 313 
A cent draattowed 

ft* gtnbftl TH96, 10H. 1 19. 122, 12s. 12?. m 

132. IK 2T. 293. 3<l2. 3tf\ 31U. 312, 315 
In local TH96, KM. 119, 122. 125, 127. 13*1, 132. 

1 34. 2*\ 293. >i2, Vr. 3HI, 312. 315 
bv tag%. HW. 119, 122, 125, 12\ 13U, 132, 134, 

2iT. 293, 3112, ViT. 3HI. 312. 315 
bv virtual addrr*«94, 9b, UNA. 1 1 1 , 1 16. 1 19. 122. 

125. ir. I3il. 1 32, 1 34, 28'. 293, 302, 3<r, 

3Hi.312.315 
Addrea* - _ ... ~73 



Hgned 

cKeck overflow . 



cfteck fHTfflnW 
signed 

check overflow 

unatgned 

ckect overflow 

•aj 



...73 
...."3 
.73 



•mmrdutr .. _ 8U 

not '3 

and not 

immediate mi 

compart 
and 

equal mo ^ ? 6 

nut equal zero *6 

equal '6 

FtfO 6 

greater 

- -6 

- -6 

tero tanned ..'6 



76 
.76 
.76 

.76 
.76 



HRned 



rem Hgned 



Compare . 



76 
-76 

-76 
.T6 
-80 



Copy Immedailc- 



arted point arithmetic c scc pooo— 
Immcdaitc — — 



-79 
.79 
.73 
.76 
.80 



Reverted.. 



-83 



mulupan 



.93 
-8i 



signed check overflow _ 



.83 



.80 



.80 



arrtmeduite— 
of "3 



.73 
.811 

.80 



73 



or not 



.»i 



Reversed . 
art 



and 

equal tero _ 

not equal tero. 
equal 



.86 

-■?9 

.8t 
.86 



equal tero 

greater 
ammcdiate 



"6 

.83 
.86 



-83 



unsigned — 
tero signed, 
greater equal 



-83 



83 

86 



.86 



le*s 

arnmedute 



.83 
83 
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leas equal 



..85 
~85 
86 



not equals 



..86 
.83 



Wt Mid 



Shift 
l*ft 



-85 



-85 



Add- 



Shift IflMnedttSC . 
shift left 



sagned check oiffftw. 
subtract- 



unssgocd check wti6w . 
shaft tight 

Smfltedtttte 



-89 

-90 

-91 
.89 

.90 
91 



■hilt tsght 



ssgned cluck ovttflov.— 
im i united check ovmAm . 



-.91 
.86 
.86 
.86 
.83 



check overflow 8) 

ntagnrd 

chrck ovct flow 85 

-95 

toot 

~ - - 8il 

— . m 

rem — 

Akt)i irae.ved _ "2 

Always Krt rved ..72 

arthmxtu*/ d eacis pH o n npmi i. _ 4tr 

Amhmr'ic < >peraOrw yi 



Branch 21 94 

and 

equal *eto 9h 

not equal rero <ft 



back.. 

harrier 

Conditional „, 

I toanng Point 

Ifeatww; Poant. 



equal . 



Aoa tang-point 




•wgj*»- 



equal scio...... 



Gateway. 



Aoatang*potnt 

double 

half. 

quad 



greater equal 
floating point 



half.. 



•mule... 



wtto syncd.. 
halt 



Hmt 

Immediate 



hnk 

Immeduite 

fcnk- ... 

invisible 

floating -point 



...95 
...97 
...98 
,101 

.HI5 
.105 
...98 

.1111 
.101 

101 
.101 
...98 
.106 

106 



.101 
101 

.101 

.101 
.98 

...98 



.98 



101 

IO| 

....101 
...101 

9H 

98 

98 

110 

Ill 

112 

.. .115 

114 

115 

...114 



leal 

floating pom i 

double 

half 

quad 

•■"gk 



105 



... 101 

.101 
-.101 
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«««*ned rabbin 206 

* rro ocnet* .206 

•W^ 9,1 peck* 206 

l*» «!■»■■ quediets 206 

m » 

*"H — l«l doublet* 206 

S"* 1 - UH hesJet 2D6 

— —Wl rattle* 2Q6 

M * licJ " ~ ocdet* ,2» 

""•W*d *J peeks 20$ 

fern signed * ouadVt* 206 

le** £rca*er **fgned 

foebne, poanf byte* - — - Iff 

double |ul doublets Iff 

half 101 belief iff 

~~ 101 rabbles If? 

— 1WI octWt* U7 

- US pecks Iff 

I** ~ 115 rajtdktt W7 

no operation raj ian*»ened 

«ote<iual~ - - 96 bySes Iff 

ootesueleeto - 9*j doublet* iff 

notHmHble hevWt Iff 

floehnnpant rabbles Iff 

IU5 orders iff 

pecks Iff 

floating pant rajaolet* Iff 

- M* copy 2*7 

•R»*d deposit 



bits 201 

Aottinjc pomi bytes — _2Ul 

•"■»* — M doublet* 201 

Branch back ~ ~ 95 bemlet 201 

Branch berner .... f rabbin 2»l 

Branch Conditionally _ ..22 ocileti 201 

Branch down lu5 pecks 201 

Branch hah „ \ \ o raiadkti . 201 

«*£ned 

C byte* 196 

doublet* 196 

checiprant 4*11. 4U2 bemlet 196 

Cluneal hpekne Structures .. ...49 rabble* 196 

c * ock ocdets .196 

Cycfe..". _ 412 pecks 196 

l*** - ~ quad*** 196 

Wanhdug 412 espend 

Comp»r?-*et „ 23 tmtnedam 

control register .. .409,4111,411 rained 

- ir bytes 2TS5 

compreM doublet* 206 

,mmrA * ,f bealet 206 

*W*d rabble* 2U6 

ocdeti 2U6 

d<**Mrtt - 2»* pecks 2U6 

***** quaoVt* 206 
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double** 


>* 


hesJet 




ttfbhles — 3.* 


octtets — _ 


Mdl - . 


. ft* 





Mt 



bytes 

doublets.. 



heslrt 



pecks- 



18? 

187 

1ST 

117 

1*7 

18? 

187 



byte i- 



pecks.. 



--.187 
—18? 

-187 



pecki . 



quadkts... 
emtrsct 

Ms met 



HrUlnpbc*. 



• IT 

197 

19? 

IV? 

. ITT 

.197 

™..19C 

192 

'92 

196 

. — an 



no operation .. 



204 

2117 



left 

bytes 

doublet*, 
he* let 



— 187 

187 

187 

1«7 

187 

pecks \jp 

nusdVt* |j? 

HRbl 

bytes irr 

doutilen |g? 

~ 188 

ruU4es |g7 

188 

P«*« -.™ 18? 

qu*flet» |jp 



Ksrs. 



pecks... 




2IJ6 

2i* 

316 

— 2i* 

_....2l* 

........ 2l* 

......2i* 



.31* 



-20? 



-2i* 

„aj7 



-2U6 



-2o? 



-220 



.188 
.188 
.188 



Dries. 211? 

iloiihleti _ _. ftff 


heslrt . _ 




mbbirs _ „ JO? 


oc»et»_. .. _ . *r 


pecks. . 


2ir 


quftftet* .... . 


yr 


fcqgnrd bytes 




check overflow. 


- .~sr 


^pieo oouratts 




check overflow 


- — 2ir 


««ned hexlet 




check ovci flow 


— 20^ 


^rncd nibbles 




check overflow 


2ir 


s^neUorrtrts 




check overflow. _ 


2ii? 


f*ocd pecks 




check overflow..— — .... 


2ir 


tqpwd lyinfltti 






.„2ir 


tmngned brsts 




check overflow.......^............ 


...2ir 


•m^K^ed doublets 




check overflow... 


2»r 


ons^pted he sic I 




check overflow.— .... 





orwyied nibbles 




check wiiBiwi.,.,,.,^ 


2»P 


tmngned octlets 




check r flow „ 


2ii- 


un tinned peckv 





check overflow.. 
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unogncd qusdlets 

check overflow .. 
merge 

bytes 

doublets 

hctlet 

HTWItcduitC 



. .204 

.204 

....2W 



heifet .... 



pecks. 



-211 
.211 
-211 
-211 
-211 
-211 
-211 
..204 



pecks — 
qu*flets . 



..204 



-204 



-204 



peek* 



.188 
.188 
.188 
188 



bytes 




check overflow 


188 


doublets 




check overflow... 


-188 


heslet 




check overflow 


188 


mhhles 




check overflow 


.188 


ocriets 




check overflow .... 


— 188 


peckt 




check overflow 


-188 


quxflets 




check wtrflw 


188 


tst£ned 
bytes 




check overflow 


... -188 


doublets 

check overflow 


188 


hexlet 




check overflow 
nibbles 


188 


check outflow- 


188 


ocitets 

check overflow..... _ 


188 


pecks 




check overflow 


188 


quadlers 




check overflow — 


188 



shift rsght 

SftwnCQMtC 

unngrted 

bytes.... 



doublets 



-2U? 



2117 



pecks.. 



bytes - 



bylrt- 



peckt- 



ocdets. 
peck*— 



ffisdhti- 



bytes . 



pecks 

quadfcett 

Short 1 
lopbee 

shWIk 



byses— 



within doublets—, 
within be* let 



pecks- 



Shuffle. 



shift nght 
bytes — . 



bytes—. 
doublets- 
he*let_ 
nibbles- 



pecks- 



peeks- 



207 

.a/7 

-207 
.317 



-an 



-2D4 



-204 



.. »4 

..-211 
.-.211 
.211 
—211 
-.211 
.-211 
-.211 
—204 



.204 



.204 



.204 

-188 
-188 

188 
-188 
.188 
.188 

188 
.206 



.211 



-213 
-213 
.213 
-213 
-213 
-213 
.213 
.213 



.188 
.188 
.188 



.207 



.207 



.207 



-307 



-3tr 

-18* 
-1W 
.188 

.188 
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complex 
mumprjr 

br** ~- - .-221 

djublen 221 
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. . . 227 




******* 7TT 


brde-endtan 






227 


floor - ,. ——.227 


nearest ... 777 


unsigned doublets 




bag-endsan 






227 








227 


floor- ». ^227 


nearest 777 


untuned octlefi 






227 


floor _ 227 




Irtde-cfufcan 




frdww 


227 
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227 


unsigned quadteti 




big-endian 




rrA#w 


227 


floor 227 


nearest _ .... ... , 


227 


little-endian 
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-.227 


floor . „ . 


- -.227 


nearest — . „ 
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.221 



floating-point double 

big-endian- 
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.232 



.232 
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fctrJe-endtan- 
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.232 



.232 



tnrsed* signed 
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bytes - - 221 

doublets 221 

octtrts mm 221 



.221 
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Convolve 
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Immediate 
Hosting- Point „ 

floating-point 



-221 
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-276 
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floating-point 
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-278 
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floor 
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